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The Second Meeting of the Second Half of the 65th Session of the Royal 
Aeronautical Society was held in the Lecture Hall of the Roval Society of Arts, 
18, John Street, Adelphi, London, W.C.2, on Thursday, January 9th, 1930. The 
President of the Society (Colonel the Master of Sempill) was in the chair. 

The Presipent: He would like to extend a hearty welcome to Sir Richard 
Glazebrook (Chairman of the Aeronautical Research Committee) who was present. 

Mr. McKinnon Wood had entered the Physics Department of the Royal 
Aircraft Factory (as it was then called) in September, 1914, and had become 
later a Principal Scientific Officer; since 1919 he had been head of the Aero- 
dynamics Department at the Royal Aircraft Establishment; he was a member 
of sundry sub-committees of the Aeronautical Research Committee. The pub- 
lications for which he was responsible included some ‘* Reports and Memoranda ”’ 
of the Aeronautical Research Committee; articles in the ‘* Dictionary of Applied 
Physics ’’ and the ‘* Encyclopaedia Britannica *’’; and papers read before the 
International Air Congress, London, and the Royal Aeronautical Society. He 
joined the Society in 1918, and was a member of the Council. 

Some vears ago Mr. McKinnon Wood had suggested the use of the pilot 
plane. This, without doubt, was the forerunner of the automatic slot, subse- 
quently developed by Mr. Handley Page and those working for him. It was 
largely owing to the influence of Mr. Wood’s work that Mr. Handley Page had 
concentrated on the automatic slot, and the credit for producing that device in 
its earliest form was undoubtedly due to Mr. Wood. 

As the result of the experience he had gained during a visit to America with 
Mr. H. E. Wimperis (Director of Scientific Research at the Air Ministry), Mr. 
Wood had compiled this paper on the new American wind tunnels. For many 
vears he had been pressing for new wind tunnels in this country, but his pro- 
posals had not been approved owing to financial reasons. The authorities 
preferred to await the result of the American experiments. He was_ probably 
the first person here to suggest the construction of a variable density tunnel, 
and it was satisfactory to see that one was now being erected at the National 
Physical Laboratory. The authorities had at last adopted the very type of tunnel 
suggested by Mr. Wood prior to the American experiment. 


THE NEW AMERICAN WIND TUNNELS 
BY 
R. McKINNON WOOD, O.B.E., M.A., F.R.AE.S. 


Much has been learnt, in many branches of science and engineering, from the 
use of small scale models. The earliest successful experiments in humanly con- 
trived flight with heavier-than-air craft, were made with small scale prototypes 
of the man-carrying machine of a later day : experiments with man-carrying craft, 
kite, glider and power-driven, followed. 
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Anyone who has flown toy aeroplanes realises the limitations of this method 
of experiment and the impossibility of obtaining much in respect of quantitative 
results, So men have had recourse to captive machines, as typified by the kite- 
flying of the Wright brothers’ machine, Maxim’s captive aeroplane, the testing 
car at St. Cyr, and the many ‘‘ whirling arms ”’ or ‘ tables.’’ 

So soon as man could take the air in his machine his c: apacity for observa- 
tion of flight a increased; but, in free flight, it remained limited in 
many ways, Captive methods persisted for preliminary tests to minimise the 
risks of the final *‘ proof of the pudding ’’ in free flight, or for ~— purpose of 
analytic testing, as the wing was tested alone on the St. Cyr car, or the airscrew 
on the Farnborough w hirling arm. 

The power of the captive method of experiment was much enlarged at an 
early stage by the use of the principle that the reaction of the air upon an air- 
craft in steady straight flight depends only upon the relative motion, and by the 
construction of apparatus to move air steadily past a fixed model. A ‘“ wind 
tunnel ’? was used by the Wrights during the course of the experiments which 
culminated in the first successful man-carrying aeroplane. 

The power required to produce the wind in the tunnel is many times that 
required to move a model through still air; but the facility of observation’ and 
measurement is enormously increased by having the model at rest. Naval archi- 
tects have adhered to the method of towing ship models through still water, but 
the wind tunnel holds the field in aeronautics with the exception that the ‘‘ whirling 
arm ’’ is used to reproduce turning in azimuth or pitch. The tunnel can be used 
for testing models rolling about an axis along wind: the only limitation is that 
the flight path represented shall be straight as regards some one point of the 
aircraft. 

The production of a steady uniform air current is by no means easy, and, 
in fact, micro-turbulence is always present, and, in the varying degrees in which 
it exists in different tunnels, it is held to be the main cause of discrepancies in 
the results of tests upon identical models in different tunnels. 

The wind tunnel has, from the earliest days, assumed one of two distinct 
forms. In one form, typified by the N.P.L. tunnels, the model is mounted in a 
stream flowing between walls: in the other, typified by the Eiffel ‘‘ soufflerie,’’ 
the model is placed in a jet crossing the experimental chamber. The model is 
clearly more accessible in the latter type. The variety of form in wind tunnels 
is great, but all possess the common feature that the air is almost brought to 
rest before returning to ‘* the working stream.’’ Only in this way can a uniform 
wind be obtained: we must work either near the entrance in a pipe fed from a 
big reservoir, or in a jet near the exit of a nozzle. 

The early N.P.L. and Eiffel tunnels were extravagant of power, because the 
stream was discharged at a high speed; the power consumed exceeded the kineti 
energy passing through the working section per unit of time. The power is much 
reduced in other designs by retarding the stream by a gradual expansion of its 
boundaries, converting kinetic into potential energy available for the subsequent 
acceleration. <A fine example is to be seen at Issy -les-Moulineaux. Many tunnels 
take the form of a venturi tube in a building, with a fan at the after end. 

In the tunnels so far mentioned the air has been received from and discharged 
into a large building, and the pressure in the working stream is sub-atmospheric. 
In the Gottingen tunnel the working stream is at atmospheric pressure, and the 
air returns through an expanding duct. The venturi has an open throat and its 
tail is bent round to join its mouth. The bending takes place in four sharp right 
angles and the stream is deflected by rows of closely-spi iced, much-curved aero- 
foils, resembling turbine blading. The atmosphe ric working stream is convenient, 
and the design is peculiarly compact and quite good in respect of economy of 
power. This is not the least of the good things w hich have come from Géttingen. 

Almost all tunnels have two common features :—the power is applied by 
means of an airscrew fan and the air is filtered through a ‘‘ honeycomb ”’ either 
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immediately before or immediately after acceleration. This honeycomb is generally 
necessary to produce a steady flow, but it is probably the main cause of the 
micro-turbulence mentioned earlier. Owing to the presence of this turbulence it 
must be admitted that the model in the tunnel is not under conditions identical 
with those of motion through still air, Many interesting experiments have been 
performed on this subject. An aerofoil and two airship models have toured the 
world to be tested in all the principal wind tunnels. Minor discrepancies charac- 
terise the results of the aerofoil tests and major differences those of the airships. 
It had previously been shown that the drag of an airship form was much influ- 
enced by turbulence caused by introducing a grating of threads a little ahead of 
it in the tunnel, Professor Melville Jones’ recent paper, ‘‘ The Streamline Aero- 
plane,’”’ throws light upon this phenomenon, The flow very close to a body 
becomes turbulent in a narrow belt—the ‘* boundary layer ’’—under certain con- 
ditions, which are little understood, This turbulence starts further forward on 
the body if we increase the scale or the speed, and the same happens if the air 
is made turbulent or the body roughened. But when we reach a sufficiently high 
value of the product scale x speed, we anticipate that virtually the whole boundary 
layer is turbulent, and we infer that micro-turbulence of the air stream will pro- 
duce no further effects. 

We see then that this application of the principle of relative motion in its 
practical form, the wind tunnel, is to be accepted with caution, but that it is 
more safely accepted for tests on a large scale. 1 pass now to the more general 
question—what is the exact relation between any model test and a full scale air- 
craft? If the airflow is geometrically similar around similar and similarly placed 
bodies, then it can be shown that the pressure on the bodies per unit area is the 
same at the same speed and is proportional to the air density multiplied by the 
square of the speed. The assumption of similar flow was not an unreasonable 
one for the early experimenters. If air were the ‘‘ perfect fluid ’’ of hydro- 
dynamics it would be strictly valid. Air is, however, compressible and viscous. 
Examination shows that the amount of compression and expansion is so small 
as to be unlikely to affect the result appreciably unless the speed is comparable 
with that of sound in air (roughly 1,000 ft/sec.). The elasticity of air becomes 
a dominant factor in the forces on projectiles and on some airscrew blades, but 
it may generally be disregarded. Viscosity, however, is the cause of lift and drag. 

If we write down an equation of equilibrium for airflow we must include 
three kinds of terms, representing :— 


(1) Rate of change of momentum ... Se pleVv4 
(2) Pressure gradient in the fluid... pL?Vv? 
(3) Viscous resistance of the fluid to shearing ... pLv 


[In the margin I have placed the dimensions of these quantities in terms of 
density (p), length (L), speed (V), and viscosity (). | 
Now the flow can only be expected to be strictly similar if the terms are in 
the same proportion and consideration of the physical nature of these three factors 
of the problem shows that this requires that the quantity 
{ (density) x (linear scale) x (speed) } pLVv 


(viscosity) fh 
must be the same. This quantity is Reynolds’ number, 

We do not comply with this law in testing a small scale model in one of the 
tunnels I have described, for suppose we would represent an aeroplane moving 
at only 1ooft. per sec. (68 m.p.h.) by a 1/1oth scale model, we must use a speed 
of 1,000ft. per sec. But at such a speed the result would be vitiated by serious 
local changes of density of the air, We might test a 1/3 scale model at 3ooft. 
per second, but this would entail the construction of a rather large tunnel and a 
large expenditure of power, The largest tunnel in this country has been used 
to test a 1/5th scale model of the Bristol Fighter, but only at rooft./sec. The 
1,000 h.p. Issy tunnel has a roft. diameter stream moving at 275ft. per sec., and 
can represent a full scale aeroplane at some 50ft. per sec. 
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It is evident that, since the elasticity of the air forces us to limit our speed 
to about 200 m.p.h., if we wish to represent a fast aeroplane at top speed, it 
must be done full scale. The magnitude both of building and of power has 
deterred us from considering any such project. If we imagine the improved 
N.P.L. type tunnel at the R.A.E. in which we now test a 1/1oth scale model at 
100 m.p.h, scaled up to a 7oft. tunnel with a speed of 200 m.p.h. the containing 
building would be 1,o00ft. long, 4ooft. wide, and 350ft. high, and the horse- 
power required would be a quarter of a million! Nevertheless, a tunnel in which 
a complete aeroplane can be tested at 100 m.p.h. is projected by the American 
National Advisory Committee for Aeronautics, but with a more compact and more 
efficient form of tunnel and a greater daring in respect of relative size of model 
and stream. 

A halfway stage is already in being in the U.S.A. in the form of an open jet 
tunnel of 2oft. jet diameter, in which an aeroplane can be placed with the air- 
screw, fuselage and other central parts in the stream and the wing's projecting 
beyond. The performance of the airscrew and the effect of alterations to the 
body and centre section can be measured. 

It is, however, possible to comply with Reynolds’ law while still using quite 
small models and moderate speeds. The method was, I believe, first: proposed 
in France by M. Margoulis, who suggested the use of compressed CO, as the 
circulating fluid. The disadvantages of change of fluids far outweigh, I think, 
the advantage claimed. At about the same time (1g21) Dr. Munk put before the 
N.A.C.A. a proposal for a compressed air tunnel, and in his paper indicated the 
answer to certain objections raised to M. Margoulis’ proposal in this country. 
The proposal was adopted, and the first compressed air tunnel was built at 
Langley Field, Va. 

The viscosity of air, at any but extreme pressures, depends only on the 
temperature, and does not vary rapidly with temperature. We shall regard the 
viscosity as a fixed quantity. Reynolds’ law shows that we can compensate for 
reduced scale by increased density. Unfortunately the power required to pro- 
duce the air stream varies as the density; so also do the forces acting per unit 
area on the model. The supports must therefore be stouter and the interference 
of supports is already a frequent cause of anxious questioning. These difficulties 
can, however, be in part overcome by working to a reduced speed scale, com- 
pensating for this by a further rise of density. The compromise actually adopted 
is to work at 20 atmospheres with 1/1oth scale models of the smaller aircraft, 
so that the equivalent full scale speed in such cases is twice the tunnel speed. 

The alternative use of a liquid as the fluid medium occurs to mind, but is 
quickly dismissed. Water is some 800 times as dense as air, but its viscosity 
is many times greater, and the attainment of the required Reynolds’ number 
without exorbitant expenditure of power and prohibitive reactions on the model 
proves impossible. Examination of the properties of other liquids produces no 
competitor to compressed air. 

The author outlined the design of a compressed air tunnel in a confidential 
paper in 1921 and discussed the question of dimensions. The table below gives 
rough figures extracted from that paper and illustrates the magnitude of the 
quantities involved in attaining the Reynolds’ number of a Bristol Fighter flying 
at 90 m.p.h., and their variation with the scales of size and speed adopted. 


Scale of model _... 1/20 1/20 1/20 1/10 1/10 
Speed of test 38 19 38 19 m.p.h. 
Atmospheres Ba 25 50 100 25 50 

Jet diameter aah - 4 4 4 8 8 tt. 
Thickness of shell 1} 24 5 24 5 in. 
Mass of shell Se 50 100 200 200 4oo tons 
Horse power - g6o 240 60 480 120 


Lift of model per 
sq. It. sc g6 48 24 24 12 lb. 
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A rather high working stress, 10 tons per square inch, was assumed. The 
diameter of the shell was three times that of the jet, and the length was ten jet 
diameters. The shell was certainly unnecessarily long and could be reduced to 
seven or eight diameters. The horse power is based on the performance of the 
R.A.E. improved N.P.L. tunnel, and is too high for a good design. I should 
now revise these figures by 

(a) halving the power, 

(b) doubling the thickness of the shell, 

(c) adding 50 per cent. to the mass of the shell. 
The original N.A.C.A. variable density tunnel is described in N.A.C.A. report 
No. 227. The tunnel is contained in a shell 15ft. in diameter and 34ft. 6in. long. 
This shell is built of steel plates, lapped and riveted. The cylindrical body is 
2hin. thick and the hemispherical ends are r}in, in thickness. The internal struc- 
ture was largely of wood and was destroyed by fire. The fire caused the pressure 
in the tunnel to rise considerably above the design pressure, although the relief 
valve was opened, but the shell only required re-caulking. The present structure 
is entirely of steel. 

The first design had a walled working stream. The arrangement did not 
appear to be good, and, in fact, the N.A.C.A. staff found the flow to be uneven 
and very turbulent. The present design has an open stream 5ft. in diameter and 
sft. long, and it is modelled on the Géttingen type except in respect of the return 
flow. In both designs the air returns, in a duct of annular cross-section, against 
the wall of the shell, the obvious plan. Access to the working section is provided 
by a door at one end and through the honeycomb, which is mounted on hinges 
for this purpose. This tunnel is the most compact wind tunnel in existence. 

The model is attached to a frame below the jet and the frame is carried on 
balances for the measurement of lift, drag, and pitching moments. The arrange- 
ment for measuring pitching moments has been improved in the later design. 
Balance is obtained by jockey weights moved by electric motors. The balances 
function automatically, but they can be operated by hand from outside if desired, 
and they are read through glass peepholes in the shell. 

The compressor plant is capable of raising the pressure in the shell to 20 
atmospheres in 1 hour 20 minutes. 

The flow in this tunnel was found to pulsate and this was stopped by 
peiforating the ‘‘ collector ’’ as indicated in Fig. 1. 


” 


te 


N.A.C.A. Variable Density Tunnel. 


A slightly larger and considerably faster compressed air tunnel is in course 
of construction in this country and will be erected at the National Physical 
Laboratory. The form will be very like that of the N.A.C.A. tunnel. The 
principal purpose for which it is being built is to investigate the stalling of 
wings over the full range of Reynolds’ number from the usual model test to the 
largest full scale flight. Before recommending the expenditure, advantage was 
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taken of the existence of such a tunnel in America, and the kind co-operation of 
the N.A.C.A. was sought in the testing in their tunnel of the models of three 
aeroplanes which had been thoroughly investigated in free flight at Farnborough. 
These were :— 

Aeroplane B.E.2E with R.A.F. 19 (high camber) wing. 

Aeroplane Bristol Fighter with R.A.F. 15 (thin) wing. — 

Aeroplane Bristol Fighter with R.A.F. 30 (thick symmetric) wing. 

The following table shows the maximum lift coefficients obtained from the 

various tests : 


Wing section R.A.F. 19 R.A.F. 15 RAL. 30 
R.A.E. model = 0.90 0.54 0.40 
N.A.C.A. 1 atmos. = 0.gO 0.54 0.40 
N.A.C.A. 10 atmos. a 0.71 0.52 0.53 
R.A.E. free flight ae 0.71 0.53 0.58 


The figures in the first two and those in the last two lines were obtained at 
the same Reynolds’ number. The sections chosen were typical of sections giving 
(a) a fall in maximum coefficient with rise in Reynolds’ number, (b) no change, 
and (c) a rise. The results of the tests go far to confirm opinion on the value 
of this tunnel. 

I will revert now to the other form of full Reynolds’ number tunnel, the full 
scale tunnel. I mentioned this first in my argument, as the more obvious. I 
describe it second, in historical order, The twenty-foot ‘ Propeller Research 
Tunnel,’’ as it is called, was started by the National Advisory Committee in the 
spring of 1925 and completed during the summer of 1927. A full description will 
be found in their Report No. 300. 

The tunnel is of the open jet type. The free working stream starts with a 
diameter of 2oft. The outer parts of a free stream are soon retarded, and at one 
diameter from the nozzle exit the diameter of the stream is about 28ft., and the 
diameter of the core which retains the full initial speed is about 16ft. The stream 
is collected, through a wide trumpet-mouth starting 35ft. from the nozzle, into a 
pipe 25ft. in diameter, passes through an eight-bladed fan 28ft. in diameter, and 
returns through expanding ducts on either side. The streams are deflected at the 
corners by rows of aerofoils, as at G6ttingen. The acceleration of the combined 
streams starts at a section 5oft. square, and the speed is then 3th of that of the 
working section, a low value for a tunnel built on so large, and therefore costly, 
a scale, but one which tends to give a very good stream. There is no honeycomb. 

Power is provided by two submarine Diesel engines rated at 1,000 h.p., each 
at 375 r.p.m., and the transmission ratio is 1:1. A wind speed of 110 m.p.h. is 
obtained. 

The whole structure is 166ft. long, goft. wide, and 55ft. high. These dimen- 
sions enclose a volume between 5 and 6 times that of the building which contains 
a N.P.L. seven-foot tunnel, and the smallness of this figure shows the relative 
compactness of the Géttingen type. 

The aeroplane under test is mounted upon a horizontal frame which is below 
the stream and supported upon three commercial weighbridges. The frame is 
constrained by lateral ties which allow fore and aft motion for the measurement of 
drag by means of a fourth weighbridge. Aeroplanes are commonly tested ‘‘ under 
their own power ’’ and means are required to measure the power delivered by the 
engine. To this end the engine is mounted on a reaction torque dynamometer, 
which is carried in a frame placed inside the fuselage. 

In two respects, I think, more provision could have been made for rapid 
experiment, which, in a plant of this magnitude, I regard as important. The 
fitting of the reaction dynamometer would seem to be a considerable piece of 
work, frequently difficult and sometimes almost impossible. The aeroplane must, 
moreover, be brought into the test chamber with wings removed and the wings 
erected in situ. 
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It has been mv recent duty to consider the design of large wind tunnels. 
After reviewing the merits of a variety of arrangements I have selected one with 
a single return passage to one side. Adjacent to the test chamber, on the side 
opposite to the return passage, I propose to have two erecting bays in which 
aeroplanes can be prepared for test on trolleys which can be wheeled on to a 
platform level with the ground and directly under the working stream. ‘This 
platform would be mounted upon balances for the measurement of lift and drag. 
In this way I estimate that it would be possible to make many of the tests at 
more than twice the rate possible in the N.A.C.A. plant. I consider that some 
form of transmission dynamometer is necessary for the measurement of the power 


of the aero engine. 


Doors 


N.A.C.A. 20 ft. Propeller Research Tunnel. 


My proposed design follows closely the Géttingen tunnel, but, from recent 
experiments with a small model at Farnborough, it appears that the overall 
dimensions can be, relatively, much reduced, and | think that a honeycomb will 
not be necessary. The single return passage tends to make the stream somewhat 
uneven in speed, the speed being high on the side nearer the return passage and 
low on the other side; but means of correcting this asymmetry have been found. 
By removing a few acrofoils from the cascade before the jet, a very even flow 
was obtained. Their removal caused the remaining aerofoils in that part of the 
cascade to stall and so remove energy from the stream. 

In the Géttingen tunnel the speed of the circulating air at its slowest point 
is 1/5th of that at the working part: in the R.A.E. model it is 2/7th. The 
expansion has, in fact, been made as small as was considered safe in order to 
keep the whole structure as small as possible and so to minimise the considerable 
expense involved. The expansion in the N.A.C.A, variable density tunnel is, 
however, still less. 

Good economy of power has been obtained in this model, and it 1s estimated 
that a speed of 110 to 115 m.p.h. may be obtained in a 24-foot stream with an 


expenditure of 2,000 h.p. 
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The present four-foot N.P.L. type tunnel at the R.A.E. is being replaced by 
a 5-foot open stream of 50 h.p. on account of the advantages of this type. When 
this has been done it will be possible to obtain a better estimate of the performance 
of a large tunnel built to this design and to investigate the technique and the 
scope of experiments on subjects whose wings extend beyond the boundary of the 
stream. There is, moreover, a possibility that the subject of the test may cast 
upon itself a shadow of undissipated disturbance of the airflow which may cause 
errors of importance, in which event the expansion ratio may require to be in- 
creased. 


Fic. 3. 


Scheme for a Large Tunnel. 


A large, or ‘‘ full scale,’’ wind tunnel would be of great value, apart from 
any question of “ scale effect,’’ for in this we can test the actual article and not 
a possibly imperfect representation. Especially is this important if we wish, as we 
certainly do, to investigate the cowling of air-cooled engines, in which event we 
must concurrently enquire into the adeguacy of the air-cooling. Much more 
confidence can obviously be placed in a test in which the actual engine is run 
under its Own power than in any model test. This is the main purpose of a large 
tunnel: for experiments upon actual airscrew-body combinations, including thc 
actual engine driving the airscrew. 

I think it not ‘unlikely that such a tunnel will disclose differences between 
models and actual aircraft which are not true scale effects, but due to imperfect 
reproductions. In support, I would quote some tests made on wheel covers. The 
usual cover stretches from hub to rim. 


A cover was proposed springing from 
the tyre. 


Tests of wood models showed a 40 per cent. reduction of drag, but 
tests of the actual wheels and covers gave no difference. It was noticed that 
there was a gap between tyre and cover and a hole for access to the valve. 
Upon closing these apertures a 30 per cent. reduction of drag was measured, and 
some further smoothing yielded results in accord with those made on the wood 
models. May this not be typical of many imperfections in detail execution which 
might be brought to light, and whose sum total may not be inconsiderable ? 
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In addition to these full scale uses, a 24-foot tunnel would provide means of 
testing very large models. A four-foot chord wing stalling at 50 m.p.h. could be 
represented by a half scale model at 100 m.p.h., that is to say, we could just 
exceed the Reynolds’ number of a ‘* light aeroplane,’’ e.g., the ‘‘ Moth,’’ at its 
lowest speed. 

This may seem to raise the question, ‘‘ Is the compressed air tunnel worth 
while?’’ In the first place, in reply, the tunnel under construction for the N.P.L. 
will take the Reynolds’ number three times as far as this 24-foot tunnel would 
take it. Secondly, the small model is made and altered much more quickly and 
cheaply. Thirdly, the compressed air tunnel costs less; there is ample demand 
for at least two high Reynolds’ number tunnels, and each has its peculiar sphere 
of usefulness. 

The compressed air tunnel and the large scale tunnel are the two most im- 
portant pieces of equipment in respect of which the United States of America 
leads the world in plant for aerodynamic research; but there is in America also 
another interesting tunnel which may be called a ‘ full speed’? tunnel, This 


tunnel is at Wright Field, the technical centre of the Army Air Corps. The 
working stream is bounded by walls and is 5ft. in diameter. The tunnel is of a 
highly efficient venturi form and attains a speed of 275 m.p.h., with two fans in 
series, each driven by two motors, the total horse power being goo. It is 


actually used for general purposes, but I would draw attention to the special 
uses of a full speed tunnel. 

It has been shown earlier in this paper that we cannot compensate for 
small scale by high speed to any great extent, because the compressibility of the 
air becomes a dominant factor at speeds at all comparable with 1,000 ft./sec 
The converse is true: we cannot reproduce very high speed motions at low 
speeds. Experiments upon fast-moving airserews must be made at the correct 


speed. If the tunnel speed available is only 100 m.p.h., we are limited to 
testing high speed airscrews of low pitch, suitable for slow aircraft which do 
not travel faster than at 100 m.p.h. Now, with a reasonable size of model, 


such as we may test even in a_ five-foot tunnel, the Reynolds’ number is 
high, and it is reasonable to suppose that the advent of the effects of the 
compressibility of the air, which is due to high velocity in the fluid in areas 
extending some way from the blade and not confined to its immediate neigh- 
bourhood, will be sensibly independent of change of Reynolds’ number, Recent 
researches are, in fact, tending to confirm this hypothesis. The use of reduced 
scale models of airscrews is therefore very likely to give correct results. On 
the other hand, I am sceptical of the prediction of the performance of coarse 
pitch screws from experiments upon screws of fine pitch, and for these reasons 
I hope to see the erection of a ‘‘ full speed ’’ tunnel in this country. 

I have given this instance of a purpose for a fast tunnel because I regard 
it as the most important, but I have no doubt that other useful purposes would 
be served. For example, if we wish to investigate risk of flutter of some specific 
design of wing or tail, we could use a true scale model of the structure, whereas 
at present we incur delay and expense and risk of error in constructing a 
model of reduced rigidity to compensate for the reduced scale of speed which 
we must use, 

It is, moreover, frequently desirable to make tests upon actual parts of 
aeroplanes, for instance, wing radiators, over the full range of speed of a 
fast aeroplane, and of parts which can be tested in a fairly small tunnel, Such a 
desire has arisen in relation to the Schneider Trophy Race, and the alternative, 
free flight tests of the requisite accuracy, appears impracticable. 

In this paper I have purposely emphasised the loose foundation upon which 
the edifice of our past wind tunnel practice has rested. It has had rude shocks 
and vet it has stood. More and more, designers have had recourse to the use 
of small wind tunnels, and I am sure that they were well advised, and that it 
will profit them to continue to use them. In some respects modern aerodynamic 
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theory enables us to make calculations which are more dependable than small 
scale tunnel tests, but on the whole the tunnel will guess far better than the 
wit of man. 

Viscosity is only important where there are abrupt changes of velocity, and 
a part of our aerodynamic problems is simply the dynamics of a perfect fluid. 
In this part, the wind tunnel will solve for us problems which, in the practical 
aeroplane, are too complicated for mathematical treatment, The flow round a 
good streamline form is found to approximate closely to that calculated by 
perfect fluid theory except in immediate proximity to the body and except at 
the extreme tail. The flow round a wing, with rounded leading and sharp 
trailing edge, again conforms to theory upon the assumption of Joukowski that 
there must be such a circulation round the wing as will prevent an_ infinite 
velocity occurring at the trailing edge, which would, of course, be strongly 
opposed by the viscosity. 

Experiments on flow in pipes showed that the resistance varied as the speed 
at low Reynolds’ numbers, passed through a rather indefinite region, and then 
varied approximately as the square at the higher numbers. Professor Jones has 
recently shown the Society how the skin friction of a flat plate passes from a 
V*® law to a V'*° law as the boundary layer changes from laminar to turbulent. 

Historically, I believe, the use of the tunnel has rested on an empirical 
basis. Results were felt to be sufficiently reliable when forces were found to 
conform substantially to the square law on change of Reynoids’ number. Experi- 
ments in the four-foot tunnel at the N.P.L. appeared to give reliable results on 
this basis, on the whole and up to a point, and led to the erection of seven-foot 
tunnels with considerable confidence in their accuracy of representation of full 
scale phenomena, This accuracy was debated by full scale and model experi- 
menters about 1916, but much of the discrepancy was eventually traced to im- 
perfection of methods of experiment and comparison, Subsequently, however, the 
improved technique which had so largely reconciled earlier experiments pro- 
duced the far-ranging scale effects on the maximum lift coefficients of R.A.F. 19 
and R.A.F. 30 wing sections, while the scale effect on the drag of thick wings 
was found to extend to inconveniently high Reynolds’ numbers, 

On the other hand, it must be borne in mind that the present use of small 
scale tests is made in the light of a mass of free flight, large model, and com- 
pressed air tunnel data, which indicate the limitations and provide some means 
of correction. 

To sum up, we need not now discard the smaller atmospheric tunnel : it will 
be of immense value for many vears. We shall always require, too, the free 
flight test, costly, slow, limited in scope and in accuracy. But the future develop- 
ment of aeronautics demands the finer tools, the compressed air tunnel, the ‘‘ full 
scale *’ tunnel, and the “‘ full speed ’’ tunnel, and Great Britain should, in my 
opinion, follow the lead of the United States of America in providing herself with 
all these implements. 


DISCUSSION 


The PrestipeNtT: The question that came to one’s mind, after listening to 
Mr. McKinnon Wood's paper, was as to why the Americans, who, ten years ago 
or less, had occupied a position inferior to our own both in regard to the number 
of tunnels they possessed and the quality of the work carried out therein, haa 
since advanced in such a remarkable way. It was not because people in this 
country, such as Mr. McKinnon Wood, had not done their best to increase our 
research equipment; he for one had most certainly done his best and, indeed, 
it was proper again to remind the audience that the first suggestion for the 
construction of a variable density tunnel was put forward by him, before the 
Americans had decided to build one. Apparently, in the minds of those who had 
control of the spending of public money, in America there was an increasing 
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appreciation of the value of the research. One would like to be able to say that 
the position in this country was equally satisfactory, but such an appreciative 
state of mind was not sufficiently evident here. We really did require more 
money for research equipment on account of the serious blockage of work at the 
tunnels; and, cbviously, all the advantages which aeronautics could offer could 
not be reaped if such a state of affairs were to continue. If we wished to reap 
those advantages we must give the research workers adequate support, which, 
so far, they had not received. 

The President then invited Sir Richard Glazebrook—than whom no one 
had done more in an endeavour to bring about the desirable state of affairs 
indicated--to contribute to the discussion 

Sir Ricwarp Grazesrook: When they first heard at the Aeronautical 
Research, Committee that such a visit as Mr. Wood's to America was in con- 
templatien they welcomed it very cordially and felt it was an opportunity which 
shculd not be missed. They felt also that Mr. Wood with his wide knowledge 
of experimentai work, both full-scale and model, was the man who would most 
profit by the visit and best be able to return with information of value to them- 
seives. And the paper proves that they were right. For in him and Mr. 
Wimperis they had admirable representatives who could tell their American 
friends of the work here, could appreciate the value and importance of what 
was being done in America, and come back with information of great service 
to them. 

He, perhaps, was in a position to appreciate this more than some others, 
for three vears ago he had paid a private visit to the States and by the kindness 
of Professor Ames, now President of the N.A.C.A., and the courtesy of the 
authorities, had examined the high-pressure tunnel and seen much of the earlier 
work. 

He came back convinced of the necessity of such a tunnel for our work, and 
as is now generally known, thanks to the very cordial support of Sir Samuel 
Hoare, the Secretary of State for Air, and the active help of Sir John Higgins, 
it is being erected at the N.P.L. 

The large tunnel is still in the future. Mr. Wood has told them of the 
plans; the Research Committee has no doubt as to its importance, and he trusted 
the discussion which would take place to-night would go far to strengthen the 
case in favour of its early erection, 

It was wise perhaps to wait until American experience had shown the value 
of these two new tunnels; it is time now to go ahead unless they were for ever 
to be behindhand. The question of the best design for the large tunnel is not 
easy ; they would agree, he hoped, that the decision of the Committee to proceed 
by means of a model was a wise one. 

Mr. Wood's paper took them back to the early days of the subject when the 
Advisory Committee was established. May he digress for a few moments and 
refer to ancient history ? 

It is just about twenty-one vears since Mr. Haldane, then Secretary of State 
for Air, suggested to Lord Rayleigh that aeronautics was deserving of scientific 
study and that the National Physical Laboratory might help. A meeting took 
place in the house of Mr. McKenna, then First Lord of the Admiralty; there were 
present Lord Rayleigh, Mr. Haldane, Mr. McKenna, Mr. (now Sir Vincent) 
Baddeley and himself. Plans were discussed resulting in the announcement made 
by Mr. Asquith on May 5th, 1909, which after a reference to the construction 
work of the Admiralty and War Office stated that ‘‘ the National Physical 
Laboratory had been requested to organise a special department for continuous 
investigation—experimental and otherwise—of questions which must from time 
to time be solved in order to obtain adequate guidance in construction, and that 
to provide the superintendence necessary as well as general advice on the subjects 
studied, a special committee has been appointed.’’ 
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And so they started, all very ignorant. One thing, however, they did know, 
the importance of Reynolds’ number, Report A.C.A., Vol. 1, 1909-10, R. & M. 
15, P- 33- 

At an early meeting, June 23rd, 1909, Mr. Lanchester read some notes on 
the resistance of plates in normal and tangential presentation, and Lord Rayleigh 
added a note as to the application of the principle of dynamical similarity, while 
Sir George Greenhill reminded them that Newton in his Principia had dealt with 
the question of the conditions for similarity of motion and in the seventh section 
De Motu Fluidorum et Resistentia Projectilium in the corollaries to the 32nd 
Proposition had clearly stated that for similar motions of two similar bodies you 
must have vl=v'l!, He was only treating of a single medium and so the viscosity 
and density were the same in the two cases. 

There was already a small wind tunnel at the Laboratory in the form of a 
vertical cylinder of circular section, two feet in diameter, and in this Dr. Stanton 
had made a number of pressure determinations on square plates. 

Mr. Lanchester plotted the results of these and of a number of other measure- 
ments to a base of |, the side of the plates, and called attention to the dimer- 
sional or scale effect. The question was discussed more fully at a later date, 
March, 1911, by Bairstow and Booth (Report of A.C.A., Vol. II, p. 21, R. & M. 
38), who set out to discuss the results of experiment on the assumption that the 
force per unit area on a square plate might be expressed as pv?((vl/V), and this 
paper, so far as he was aware, contains the first plotting of results against a 
base of vl. 

The curve of Mr. Lanchester’s paper had become to all 
a straight line slightly inclined to the axis of vl on which 
with the exception of one, made in the open at the N.P.L. 
of experimental error. 

At a somewhat later date Mr. Baker, of the Froude tank, expressed the 
results of his own experiments and of those of Mr. R. E. Froude and Herr 
Gebers on the frictional resistance of planks in water in the form of a curve to a 
base of vl/V and showed that the curve tended to become horizontal. This 
result, and the fact that for wings of the type of R.A.F. 15 the results of full- 
scale and model experiments were in good agreement were their justification for 
much of their work, and for the belief that the performance of aircraft could be 
predicted from tests on a model. 


intents and purposes 
all the observations, 
fell within the limits 


Perhaps it is fortunate that they did not start with wings of the type R.A.F. 
19 or R.A.F. 30. Commencing as they did from almost complete ignorance 
they made the best use of those scientific principles which it was realised were 
essential to the solution of their problem, and by the use of models advanced 


their knowledge of aeronautics. Mr. Wood has shown conclusively how that 


knowledge may be still further advanced by the aid of the two valuable tools 
developed by their friends in America. It is no longer sufficient to treat / (vl/ TV) 
as very approximately constant; they wanted to know its value for any of the 
wings they might wish to use; this the high-pressure tunnel can help them io 
discover. 

Mr. Wood has called attention to the various forms of tunnels. He was 
not sure if it is realised that the first tunnel at the N.P.L. was totally enclosed. 
It is described in the first report of the A.C.A., p. 7, and a diagram will be 
found there. *‘ For the experiments included under General Questions in Aero- 
nautics,’? the report states, ‘‘ a wind channel has 


been constructed four feet 
square in section and 20 feet long. 


The wind channel proper is entirely enclosed 
in an outer chamber eight feet square in section and the air drawn through the 
channel by a centrifugal fan six feet in diameter is returned again outside the 
channel to the point of entry.’’ The air speed was 30 feet per second. The 
channel was a failure. The 14 ft. Sirocco fan used, which had been selected after 


.a good deal of discussion, was the wrong type for the work; the third report 
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of the Committee emphasises the need for a more satisfactory tunnel, and in 
Vol. IV (1912-13) there is an important paper by Bairstow and Booth, ** Reports 
A.C.A., Vol. IV, p. 48, R. & M. No. 67.’’ An investigation into the steadiness 
of wind channels as affected by the design, both of the channel and of the 
building by which it is enclosed or shielded. 

A model of the building was constructed on such a scale of one-eighth so 
that a 4 ft. channel was represented by a model six inches inside, and by means 
of experiments on various forms of channel] and various methods of producing 
the wind the present N.P.L. form was developed; it was realised that the only 
chance of obtaining the requisite steadiness lay in breaking up the delivery stream 
so that the velocity of the air on being admitted to the general body of the room 
was small. 

The report concludes with the statement that the investigation was furthered 
particularly by the advice and assistance of Messrs. Eden and Melville Jones. 

But his digression had been too long; it may perhaps be of interest as 
indicating the distance they have traversed in England since the scientific study 
of aeronautics, which comes of age this year, was born, and as emphasising the 
need, if the growth is to continue, of being in a position to utilise to the full 
the new instruments of research described in this most valuable paper. 

Mr. H. E. Wimperis (Director of Scientific Research at the Air Ministry): 
He supported with much pleasure the opinion expressed by the distinguished 
Chairman of the Aeronautical Research Committee with regard to the paper. 
It was a timely paper, he said, because it was very necessary that they in this 
country should study the remarkable development of the new type tunnels made 
in America, and that the Royal Aeronautical Society should have an opportunity 
to express its views on the matter. As Sir Richard Glazebrook had said, they 
had derived valuable information from a very courteous disclosure of the relevant 
facts by the American authorities, and he could bear witness to that. It was 
fair to say also that that was due, in very large measure, to the influence of 
Sir Richard himself; the cordial relations that had been maintained between 
the Aeronautical Research Committee in this country and the National Advisory 
Committee of America had led not only to the placing of information at our 
disposal, but also to the testing, in the American tunnels, of models which we 
had sent to America for that purpose. That was a great tribute to the very 
cordial relations which Sir Richard Glazebrook had been so instrumental in 
bringing about and maintaining. 

After congratulating Mr. McKinnon Wood on the clarity with which he 
had expressed his views, Mr. Wimperis went on to discuss the question why, 
during the last few years, America had forged so far ahead of the rest of the 
world in regard to the provision of research equipment. It was magnificent, 
and he had been staggered when he had seen the beginnings of a tank which 
was to be half a mile long. That gave an idea of the scale on which they were 
working, and it was interesting to note their point of view, as he had gathered 
it from conversations on the spot, and which explained the advance that had been 
made. It was that at present they were building nine out of every ten motor 
cars built in the world, and they saw no reason why they should not occupy 
precisely the same position with regard to the manufacture of aircraft. The 
direct path to such a position was to provide abundant facilities for research. 
As indicating the views of the National Advisory Committee of America, he 
quoted the following extract from a report made to the President by that Com- 
mittee concerning the 20 ft. propeller research tunnel :— 

‘* By the application of the results of this study to a Curtiss AT-5\ Army 
pursuit training aeroplane, the maximum speed was increased from 118 to 137 
miles per hour. This is equivalent to providing approximately 83 additional 
horse-power without additional weight or cost of engine, fuel consumption, or 
weight of structure. This single contribution will repay the cost of the propeller 
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research tunnel many times and fully justifies the Committee, not only in having 
built such a tunnel, but also in recommending as it does that additional funds 
(understood to be £:200,co0o) be provided next year for the construction of a 
full-scale wind tunnel. Never before in the Committee’s history, or in the history 
of the development of aeronautics, has the value of a new piece of scientific 
equipment been so well demonstrated.’”’ 

That was a very decided statement from a responsible Committee, and in 
view of that statement, and of the information which Mr. McKinnon Wood and 
he had been able to obtain in America, he hoped most earnestly that such a 
tunnel would be provided in this country, and that all who had influence would 
use it to that end. So far as the Air Council was concerned, he did not think 
there would be any difficulty in convincing it, but there were many other direc- 


tions in which money had to be spent, and, in view of the limited amount of 


money available, the baiancing of one urgent need against another called for very 
careful consideration. 

The PresmpENT: He extended a hearty welcome to Mr. P. E. Hemke, one 
of the students from America studving in this country, as the result of the 
facilities afforded by the Guggenheim Fund for the Promotion of Aeronautics. 
Reference had quite rightly been made, he said, to the debt of gratitude thev 
owed to our American friends for the manner in which they had received Mr. 
Wimperis and Mr. McKinnon Wood and for having thrown open their research 
institutions. They had now an opportunity to show their appreciation, and for 
that reason it was a pleasure to welcome Mr. Hemke. The Society was also 
pleased to welcome him because it had benefited verv greatly by the generosity 
of those responsible for the management of the Guggenheim Fund. But for the 
support given by that fund during the last few vears, the Society would not 
have been able to carry on the work it had done. A very large donation had also 
been received from the fund for the years 1930 and 1931, which secured, in a 
measure, the Society’s programme for those vears, and the President again took 
the opportunity to thank those responsible. 

Mr. P. E. Hemke: If the attitude of Americans towards Sir Richard 
Glazebrook, Mr. Wimperis and Mr. McKinnon Wood had been cordial, English- 
men were repaying that cordiality a hundrediold, judging by his own experience 


as an American in this country. The spirit of friendliness and willingness to 
interchange all kinds of information between the two countries was admirable, 
and augured well for the future of both. He had alwavs been envious of the 


success in this country of scientific meetings such as those arranged by the Roval 
Aeronautical Society, because in America they seemed unable to gather a suffi- 
cient number of people together at such meetings, so that they were lacking in 
this respect. They were fortunate, however, in having placed at their disposal 
funds for the provision of equipment, and were fortunate in having secured the 
equipment that they had, but he felt that they might with advantage extend 
their endeavours in preparing men to use the equipment better, and this country 
was assisting Americans materially by showing how that could be done. A great 
deal of the credit for having produced a sympathetic attitude on the part of those 
who dispensed funds in America was due to Dr, J. S. Ames, the Chairman of 
the U.S. National Advisory Committee for Aeronautics, in whom the abilities of 
a scholar and an administrator were combined so happily. 

Mr. W. S. Farren: He believed strongly in the advantages of the ‘‘ full- 
scale ’’ tunnel. Indeed, if it had been a question of choosing between the large 
tunnel and the variable density tunnel, he would personally have chosen the 
former. Mr. McKinnon Wood had indicated one reason for such a preference, 
namely, the difficulty of reproducing on a model all the parts which made up the 
full-scale aeroplane ; this difficulty was in many cases insuperable, and gave rise 
to real trouble in the interpretation of the results. 


A question which designers must ask themselves when considering whether 
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or not it was worth while building a new tunnel was to what extent did they 


believe that the results obtained in it would be applicable to the full-scale aero- 
plane. Mr. McKinnon Wood had referred to an essential condition, which as 
Sir Richard Glazebrook had pointed out, sprang from the fundamentals of 
mechanics. If results were in disagreement when compared on the basis of 
dynamical similarity one should suspect the results and not the principle. But 
included in the principle there was the condition of geometrical similarity, which 
was not so easy to define or to achieve in the case of a fluid moving past a body 
as it was in the case of solid bodies at rest. They violated it too often in their 
work, and from this many of their difficulties undoubtedly sprang. 

An engineer unfamiliar with aeronautics might well say in reference to the 
ordinary atmospheric tunnel: ‘* This is a very small model of a very big thing, 
and you seem to believe in it to a remarkable extent. If I were about to build a 
bridge I should not make a model and test it, because I should feel uneasy as 
to the interpretation of the results. Can you justify your trust in such a method 
as applied to aeroplane design? You are almost unique amongst engineers in 
your reliance on small models.’ What answer would an aeronautical engineer 
vive? As Mr. McKinnon Wood had indicated, the essence of his answer would 
be that the justification was empirical, subject to the condition of dynamical 
similarity. But the sceptic might still say: ‘* I accept that condition as a basis. 
As a test of whether you observe it, let us imagine the size of the model and 
tunnel and everything connected with it increased to full-scale. Substantially 
this ought to reproduce the actual aeroplane in flight, but it seems to me there 
are differences. A man accustomed to aeroplanes sitting in this full-scale model 
would not feel that he was in an aeroplane, unless something equivalent to a 
London fog was introduced into the air, when he would enjoy most of the sensa- 
tion of flying through a cloud. In the absence of this fog he would not only 
notice many unfamiliar features, but would miss many familiar ones. He would 
find himself surrounded by an enormous tunnel, say, 7o ft. in diameter, to the 
walls of which the aeroplane was apparently connected by large struts. He 
would notice that the wings were exceptionally smooth. He would miss the 
external bracing wires and possibly the engine and airscrew. certain 
amount of scepticism on the part of the aviator as to the results which might be 
obtained in the tunnel and their application would be excusable.’’ They could 
dispel many of these doubts. Prandtl had shown how the effect of the walls 
could be allowed for. On the other hand, no one had shown how to allow for 
the peculiarity in the nature of the flow which the imaginary aviator might be 
able to discern in the tunnel—the micro-turbulence referred to by the lecturer. 
And one had to admit the deficiencies of the model, and to confess that in some 
cases interference of supports was serious. When judging any proposals to 
extend our research equipment these points must be borne in mind. The diffi- 
culties of interpretation were likely to become less as the tunnels became larger, 
because the interferences and the difficulty of modelling would be greatly reduced ; 
in fact, the actual machines, or substantial parts of them could be used in the 
large tunnel described by the lecturer. He (Mr. Farren) thought they could 
look forward to very great use of such a tunnel. 

With regard to the smaller atmospheric tunnel, it would be of great value 
for many years to come, in particular for reducing the parasite resistance of aero- 
planes in the course of design. It was in measurements of that type that its 
results could be safely trusted. He believed it was mainly for that purpose that 
such tunnels were used by designers. Their other uses in design were gradually 
becoming fewer. It was not general practice to make a complete model and to 
test it in a variety of ways before finishing the design of the aeroplane. In many 
respects the design was not sufficiently definite to enable a model to be made 
until it was too late to make use of the results which the test of the model might 


give. 
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Finally, he wished to pay a tribute to Mr. McKinnon Wood. In a large 
department, such as that of which he was the head, it was perhaps natural that 
the credit for much that was done there fell to those who actually carried out 
the work, but those who were in touch with research at the R.A.F. knew how 
much of the inspiration behind it was due to Mr. Wood, and he took this oppor- 
tunity of acknowledging this publicly. 

Mr. R. K. Pierson: He was glad to note that Mr. McKinnon Wood did 


not consider that all the existing 4 ft. wind tunnels were out of date. In his 
(Mr. Pierson’s) view the compressed air tunnel would be used chiefly for studying 
maximum lift coefficients and the characteristics of the wing on the stall. The 


general characteristics of the design of an aeroplane were really based on the 
wine—wing area and wing characteristics—very largely, and if designers could 
not get those correctly they were very difident about changing a wing: section. 
The full-scale tunnel would be of enormous value, and he believed the Air 
Ministry would agree that if they had had it two vears ago it would practically 
have paid for itself already. Tests on air-cooled engines, engine cowling: and 
temperatures were very costly and occupied a great deal of time. For one 
machine his company had made four types of cowling, and had been delayed 
for as much as two or three weeks waiting for a suitable day and aerodrome for 
testine—most of the aerodromes being under water. The high speed tunnel 
could attack the problems of propellers full size; so far they did not know very 
much about them, and the question of fixing the best ratios on engines depended 
absolutely on them. 

Mr. E. F. Retr: Commenting on Mr. Farren’s statement that he would 
prefer the large tunnel rather than the compressed air tunnel, he suggested that 
there was room for both, and that they represented entirely different aspects of 
aerodynamic research. There were two kinds of research. One was ad_ hoc 
research, in which one tested a specific design in the wind tunnel and tried to 
improve it; the other was the tvpe in which one started with fundamentals and 
tried to understand exactly why a fluid flowed as it did and why the forces were 
produced. It was necessary to work in both directions. The ad hoc research 
gave quick results on particular designs; the other produced results more slowly, 
but when produced they were of universal application. The main uses of the two 
types of tunnel fell into these two categories; the large tunnel provided a quick 
means of improving specific designs, whereas the compressed air tunnel was 
essentially a research instrument for exploring fundamental problems of fluid 
flow, and offered the unique possibility of investigating the whole range of 
Reynolds’ number in the same tunnel, where the turbulence was always of the 
same type. As to the probable performance of the N.P.L. compressed air tunnel, 


it would have a 6 ft. diameter jet, 500 h.p., a velocity of 84 ft. per second, giving’ 


a Reynolds’ number of about 6 millions as compared with the American figure 
of 3.6 millions. He was interested in Mr. McKinnon Wood’s reference to the 
vibration of the air in the jet, which was cured by making holes in the collector 
cone. He did not know whether there was any reason to suppose that, though 
it happened in an actual tunnel, it would not happen in a model, but he had 
seen no sign of it in his model. He had carried out experiments in which he 
had placed a very fine hot wire anemometer in the current, and had used an 
Einthoven string galvanometer to record the fluctuations of velocity, the main 
object being to obtain some idea of the fortuitous variations of speed in this 
tunnel and in a normal tunnel. If there had been any vibration of the kind 
mentioned by Mr. McKinnon Wood the records would have shown it. It was 
interesting to note from these records, which would be published shortly, that 
the mean variations of velocity in the compressed air type of tunnel were very 
much smaller than in the ordinary atmospheric tunnel. The effect of the rapidly 
converging jet seemed to be to cut down the amplitude of any variations present. 
That did not mean that the flow was non-turbulent. With regard to the spilling 
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of air over the collector cone, he said he imagined that in an open jet tunnel if 
there were free air all round the jet the spilt air would flow away more or less 
regularly, but in the compressed air tunnel, by reason of the fact that the con- 
taining vessel must be of reasonably small size, there was quite a confined space 
between the jet and the wall, and in that space there were circulating currents of 
appreciable magnitude. He asked if the Americans had experienced trouble 
due to stray currents in the outer chamber. The main difference between the 
tunnel being constructed in this country and the American tunnel was that in 
the former the rate of convergence was greater than the Americans had been able 
to adopt, so that we should probably get better conditions of flow. As to the 
balances, he was adopting a direct method of measurement, balancing the forces 
by the electro-magnetic attraction between coils of wire, as in Lord Kelvin’s 
current balances, instead of the complicated method of mechanically moved 
weights, 

He asked what were the merits of the tvpe of tunnel having the return flow 
on one side only. It had been stated by Mr. MeKinnon \Wood that the uneven- 
ness in the speed of the stream of air could be remedied by adjusting the guide 
blades at the corners, so that some of them stalled and extracted energy from 
the air at certain points, but it seemed that that might produce rather violent 


turbulence on one side of the jet and not on the other. The compactness of the 
open jet tunnels was a bright augury for the future. There was no doubt that 


at any rate for a good many years the amount of research being done would 
increase, and the fact that an effective tunnel could be built within considerably 
less than half the space occupied by the old N.P.L. type was of considerable 
importance, for two or three tunnels of the new type could be buiit in the space 
previously occupied by one of the old type. The facilities for research could be 
increased at much less cost than would be involved if new buildings as well as new 
tunnels were required. 

Dr. G. P. DovGuas: As one who had served under Mr. McKinnon Wood 
for a number of vears, he associated himself with Mr. Farren’s tribute to him. 
Referring to Mr. McKinnon Wood’s design for a full-scale tunnel, he emphasised 
how successful that design was both from the point of view of economy in over-all 
size and from the point of view of power consumption for a given velocity per 
unit of working section area. This design provided an open working section 
1} diameters long, and he knew of no other which provided such a long working 
section in relation to the power input.* From the power point of view, it required 
about one-third of the horse-power of the original N.P.L. type of tunnel, and 
about two-thirds of that of the American 20 ft. ‘‘ propeller research ’’ tunnel. 
In America the new tunnel at Pasadena designed iin consultation with Prof. 
von Karman, was regarded as the last word from the point of view of power 
economy, but the new R.A.E. tunnel on the small scale for the same length of 
open working section was nearly as economical, and he hoped that when it was 
made full size it would be as economical as this American tunnel. 

Mr. R. S. Capon: He expressed the view that the main advantage of the 
use of the large wind tunnel was that it would enable them to obtain results more 
quickly than hitherto—and from both the trade and the military aspects the rate 
of progress was of fundamental importance. It was of little advantage to them 
if they were always to be behind other countries in making discoveries and 
developing equipment. As the result of one test in the United States the speed 
of an aircraft had been increased by 20 m.p.h. That was equivalent to about 
two years of development by normal methods in most countries, where usually 
the speed of aircraft was increased by about 10 m.p.h. as the result of a year’s 
work. Probably the test referred to had occupied a few months, and it was 


* The N.A.C.A. 20ft. Propeller Research Tunnel with a 2,000 h.p. motor gives a speed of 
110 miles/hr. in an open section 20ft. diameter and 35ft. long, whereas for the same power 
Mr. Wood’s design should give this speed in a section 24ft. diameter and 42ft. long. 
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difficult to see how it was poss:ble to compete with progress which in some 
instances replaced years by months. It was difficult to assess a definite figure for 
the increase in the rate ot progress which was made possible by the use of the 
large tunnel, but probably a ratio of 10: 1 would not be an over-estimate in some 
branches of research. Many things could be done with their present facilities, 
but the value of the results obtained would be greatly reduced by reason of the 
length of time occupied in obtaining them. 

He had noted with some trepidation the reference in the paper to the use of 
some form of transmission dynamometer, because for many years attempts had 
been made to develop one, but so far they had not succeeded. There was no 
doubt, however, that when it became essential for us to use some form of 
transmission dynamometer they would have one. Mr. McKinnon Wood _ had 
very modestly refrained from mentioning in the paper much of the work he had 
done; no doubt he would be the first to acknowledge the assistance he had 
received from the Aeronautical Research Committee in the development of the 
tunnel, but the burden of the work had fallen upon his shoulders, and had 
involved the application of his knowledge of aerodynamics and also of ** bricks 
and mortar,’’ for he had had to deal with many problems concerning the design 
of the buildings for the tunnel, 


REPLY TO DISCUSSION 


Mr. MecKixnon Woop: He was indebted to Sir Richard Glazebrook for 
the information that Newton had first stated a VL law. Commenting on Mr. 
Picrson’s remarks, he recalled that a few days previously, when a designer had 
brought him a model and had asked him to test the maximum lift of the wing— 
it was a very thick monoplane wing—he had wished that we had a variable 
density wind tunnel. The most thrilling moment he had experienced in America 
was when he had first set foct inside the first compressed air wind tunnel in the 
world. With regard to the vibration in the American variable density tunnel, 
perhaps it was due to the fact that the diameter of the throat of the intake or 
collector was only 1 in. greater than that of the jet, the latter being 5 ft. and 
the former 5 ft. 1 in. He did not know whether the N.A.C.A. staff had been 
troubled with forces on the balances due to stray air currents. 

With regard to the design of tunnel with a one-way return, the adjustment 
of the aerofoils at the last corner in order to take out some of the energy from 
the air stream presumably did introduce a certain amount of turbulence, but 
the velocity there was low—about one-quarter of the velocity in the jet—and 
the amount of energy that had to be removed was not very great. 

He agreed with Mr. Capon that the problem of producing a transmission 
dynamometer had been under consideration and experiment for a long time, 
but as the need for it became more emphatic the work would go forward with 
more vigour, and he believed that one would be produced. 

Finally, he expressed thanks to Sir Richard Glazebrook and to Mr. Wimperis 
for having given him the opportunity to make so instructive and pleasant a visit 
to America, and also his indebtedness to his American hosts for the ve ry hospit- 
able and friendly way in which they had received Mr. Wimperis and himself 
and had placed at their disposal all the information they could desire. The only 
thing wrong with America, he concluded, was that it was situated on the other 
side of the Atiantic. 

Replying further to Mr. Relf, the only reason for advocating the one way 
return type of tunnel for a large tunnel is that it provides the maximum accessi- 
bility to the jet. 

Mr. Farren kindly referred to one source of inspiration of the aerodynamic 
work at Farnborough, but Dr. Douglas must also be given, with Miss Bradfield, 
a fair share of the credit for the good results obtained with the model tunnel 
which Dr. Douglas quoted in the discussion. 
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PROCEEDINGS 


StxTH MEETING, SECOND HALF, 65TH SESSION 


A Joint Meeting with the Institution of Automobile Engineers was held at 
the Royal Society of Arts, John Street, Adelphi, on Thursday, February 27th, 
1930. Colonel the Master of Sempil! (President, Royal Aeronautical Society) 
in the chair. 

The Prestmpent: It was with very great pleasure that he took the chair at 
this Joint Meeting of the Institution of Automobile Engineers and the Royal 
Aeronautical Socicty. 

The author of the paper that evening ‘vas so well known both to the members 
of the Institution of Automobile Engineers and the Royal Aeronautical Society 
that he really required no introduction at all, but he particularly reminded the 
members of the Royal Aeronautical Society that the author was a very old 
member of the Institution of Automobile Engineers. In a sense it was fortunate 
that he was a member of both astitutions, otherwise there might be quite a 
dispute as to who should claim him in view,of the magnificent record he had in 
the realms both of automobile engineering’ and aeronautics. From = 1goq4 until 
the commencement of the war, or just before that, he was with the Wolseley 


Company, engaged on automobile design work. At the commencement of the 
war he tried to start on acro engine design, but was told that the war would 
only last a month or two, or possibly a week or two. Actually then he went to 


Napiers and started with them and had a good deal to do with the R.A.F. Il 
engine, which possibly some of them remembered, it being one of the three original 
tvces of engines produced to designs from the Royal .\ireraft Factory. Then a 
littie later he designed the Napier Lion engine, which was used in aircraft all 
over the world and had been so successful in past Schneider Trophy contests. 
When the author left the firm of Napier that engine was developed and brought 
u» in power by Captain Wilkinson, who occupied the position previously held 
by the author as chief designer to the Napier Company. The author then went 
to Messrs. Rolls-Royce, where he now holds the position of principal assistant 
to that famous engineer and designer, Mr. Royce. The Chairman here 
announced that the Royal Aeronautical Society had conferred on Mr. Royce the 
Society’s Silver Medal for his great work in the development and design of 
aircraft engines and, particularly, in the design of the engine which was fitted 
in the Supermarine seaplane that won the recent Schneider Trophy contest. 
In that work the author was very much concerned. He (the Chairman) was 
sorry that Mr. Royce was not able to be present that evening, but it was due 
entirely to reasons of health; he could not be in this country in the winter, and 
it would be foolish to jeopardise his health; as a matter of fact, his medical 
advisers would not allow such a course. When the author rose, he (the Chairman) 
asked those present to give him a cordial welcome, remembering the magnificent 
work he had done with Mr. Royce in the production of an engine which beat 
all records in the recent Schneider Trophy contest, and afterwards in connection 
with the World Air Speed Record, which was held by this country. 
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WATER-COOLED AERO ENGINES (SIX YEARS’ PROGRESS) 
BY 
A. J. ROWLEDGE 


After some thought I have chosen the subject of this paper to enable me to 
include information gleaned in the last six years of intensive development work 
at the firm where | am employed, and | think that by this choice I shall be 
making the most useful contribution towards the production of the ideal engine, 
safe and efficient, which we all desire. 

Considerable progress has been made in the last few years and competition 
between the two main types, water-cooled and air-cooled, has resulted in the better 
performance of both types. 

I think we are all agreed that reliability is the first and most important 
quality our engines shall possess, and no quality is more difficult to hold to in 
face of our desire to give performance. The line between reliability and = the 
lack of it 1s not so sharply drawn as the financial line between solvency and 
insolvency, as so well stated by Mr, Micawber, but it should be clearly under- 
stood by the user that greediness for performance may be as disastrous in its 
results as overspending in ordinary lite. I am, of course, considering here 
mainly engines for machines used in civil aviation, which we hope will soon 
be our main source of demand. In military service 1 suppose machines must 
excel in performance or have no useful purpose, reliability being attained by 
frequent overhaul. We should distinguish between reliability and length of life 
or length of time that can be run between overhauls, as these are really different 
questions. Reliability always requires us to be careful not to adopt too high a 
figure for our working stresses, although, of course, they can be higher with 
safety in a Schneider Trophy engine than one intended for an air liner, but 
length of life also requires lower bearing pressures and therefore greater bearing 
areas. I am sure there is general agreement that we must put safety first, but 
we do not think the commercial user is unreasonable when he demands in addition 
a fairly good running period between overhauls and a long life for the major 
components of his engine. 

When considering this point, we may remember that the better control of 
evlinder temperatures of water-cooled engines is an important factor to enable 
them to safely carry an overload, and this is very important in securing relia- 
bility, particularly in multi-engined machines, where, if any advantage is to be 
obtained in regard to reliability by having more than one engine, the remaining 
engine or engines must be capable of carrying the additional load thrown on 
them without failure when the emergency arises, 

Cost, first cost and running cost, is a most important item to the user. It 
might be thought at first sight that first cost was very easy of comparison, but 
when we remember that it is cost of useful horse-power that matters, the problem 
is more complicated and the result more doubtful than is usually thought. As 
regards running costs, of course, the water-cooled engine has the advantage 
for both fuel and oil consumption, but in regard to cost of overhaul it is generally 
assumed that the air-cooled engine is an easy first. Much ground has unneces- 
sarily been given away on this point, and the next six years should show a 
considerable swing of opinion towards the water-cooled. We are always told 
how easy it is to change a cylinder on the air-cooled radial, but with a modern 
water-cooled engine with its cylinder blocks, we have shown that a complete 
block of six cylinders can be changed overnight without interfering with a 
successful day’s work on the following day. 
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Leaving for a moment the duller question of engine reliability and costs, 
we come to performance. Figures such as a maximum acroplane speed of 357.7 
m.p.h., an engine giving 1,900 B.H.P. for a weight of 1,530 lbs., or .805 Ibs/ 
B.H.P., or taking the maximum power attained on the test bed, a weight of 
only .75 Ibs/B.H.P., show that very considerable progress has been made in 
engine and aeroplane design. These figures we believe to be capable of improve- 
ment when there is an opportunity to carry out a little more development work. 

Comparing these results with the standard rating of the Rolls-Royce ‘‘ H ”’ 
engine, which is rated at 825 B.H.P. and has the same cylinder capacity, shows 
how necessary restrained judgment is in deciding the balance between reliability 
and performance and at the same time pointing the direction and distance we 
have available for further improvement. 

There is evidence to show that development will be in the direction of 
relative reduction in cylinder capacity on a given crank with high mean effective 
pressures and rate of crankshaft revolutions. 

If we look at the figures for engines that have passed the British Air 
Ministry’s type test, we shall find that a naturally aspirated engine at its rated 
power has a B.M.E.P. of 133 Ibs., and that what we call a moderate supercharger 
engine, which has a small degree of ground boost, has a B.M.E.P. of 143 at 
its rated ground B.H.P. The latter is a gated engine and compares in use with 
a high compression engine protected by a gate against overload on the ground. 
The weight of these engines per B.H.P. at ground level is 1.76 Ibs. and 1.71 
lbs. per B.H.P. respectively, or 1.6 and 1.56 at maximum power, It should 
be noted that these are geared engines complete with all accessories. Whilst we 
may consider these figures quite good, the advent of the supercharger has given 
us an engine with a B.M.E.P. of 130 lbs. at 11,500 ft. altitude for a weight 
per B.H.P. at that altitude of 1.88 Ibs. compared with a figure of 90 B.M.E.P. 
and 2.62 Ibs. per B.H.P. for a normal engine under the same conditions. — If 
we examine the B.H.P. on a capacity basis, the normal engine shows a figure 
of 37-8 B.H.P. per 100 cubie inches and the moderate supercharger 40.5. These 
figures are at the normal rated B.H.P. At its maximum power the Schneider 
Trophy engine has a figure of nearly go B.H.P. per, 100 cubic inches. 

There is an increase in the varicty of engines of different powers now 
available, particularly in the air-cooled class in the smaller sizes and of the water- 
cooled type for the larger ones. I suppose at present the 500 B.H.P. engine is 
one of the most useful sizes for transport work, but larger sizes seem necessary, 
and the 1,000 B.H.P. unit may soon be in demand—the 800 B.H.P. is already 
available. 

The reduction of head resistance permitting the attainment of record speeds 
in racing machines is of service when applied to transport work, and there is no 
doubt that speed competitions combined with attempts to break the distance non- 
stop record cover most of the ground required for developing the performance 
features of an engine for civil aviation requiring, as the long distance record 
does, low fuel consumption and small resistance combined with the best utilisa- 
tion of the power available by the airscrew. The other desirable qualities can 
only be judged by duration tests and actual experience in everyday service. The 
present record of 4,912 miles without a stop may be considerably improved upon 
in the next few years. 

Six years ago I read a paper before the Institution of Automobile Engineers 
on Water-Cooled Aero Engines, and that is the reason I have adopted the sub- 
title ‘‘ Six Years’ Progress ’’ for the present paper, which in some measure carries 
on from its predecessor. 

Six years have seen the gradual triumph of reduction gearing for airscrew 
drive now applied to air-cooled engines, and the practical application of the gear- 
driven supercharger, vindicating the views expressed in the 1924 paper. The 
more general adoption of gearing for the airscrew drive has been followed by an 
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increase in crankshaft revolutions, as well as allowing the adoption of more 
suitable speed for the airscrew. The writer would like to see more attention paid 
to the adoption of three-bladed airscrews with a view to improving the smoothness 
of the working of this important unit, and if a variation of gear ratios is needed 
to retain a high efficiency, he thinks it well worth while. Whilst we admire the 
work of the airscrew designer and appreciate the high efficiency of his productions, 
we may press him to reduce the weight and inertia of the metal types. 


It will be found that almost all the known types of gearing are employed for 
airscrew reduction gears on one make of engine or another. Generally the radial 
engine uses the epicyclic type, either bevel or spur, in order to maintain the air- 
screw shaft on the same centre line as the crankshaft with the object of keeping 
the airstream over the cylinders uniform. With this type of gearing there are 
certain definite limitations to the speed ratios that can be employed. 

On Vee engines, on the contrary, simple spur gearing is more often employed, 
as this brings the centre line of the airscrew into a better position and allows any 
desired ratio of speed to be obtained. 

The success of these gears is largely due to the very accurate grinding of the 
teeth, which allows the stress to be carried by more than one tooth. One has 
only to examine such gears after long periods of running to realise how much we 
owe to the development of gear grinding machines. Something should also be 
said for the steel maker who provides us with a steel having a minimum tensile 
strength of 85 tons for the core, with a reduction of area of 40 per cent., and also 
a surface hardness of at least 57 Rockwell. In America helical gearing has been 
used, but in my opinion the greater accuracy of the ground straight spur makes 
the latter the more desirable type. The efficiency of gearing is so high that the 
loss is negligible. In Germany gearing has been applied for this purpose to six- 
evlinder engines, but one would not expect this to be a success unless a flywheel on 
the crankshaft is used. Pressures per inch of tooth face will be found as high as 
3,400lbs., with a pitch line velocity of 3,200ft. per minute. These figures apply 
to standard engines and have been considerably exceeded in special cases. 

The next six years should see the genera] adoption of evaporative cooling, 
or as it is generally termed, steam cooling, with or without the general adoption 
of the use of a fluid other than pure water as the cooling medium. Enough 
experimental work has already been done to make the success of such a system 
quite certain, giving us at once completely automatic cylinder temperature regula- 
tion and a lighter cooling system, containing less water, and the possibility of 
a cooling system without drag. This svstem is the answer to the reduction in 
resistance obtained recently on air-cooled engines by improved cowling. But I 
feel air-cooling can never be controlable, and must always be rather over-cooled 
if any margin of safety is to be attempted. 

I assume wing condensers will be used to the exclusion of units of a type 
similar to the present honey-comb water radiator because of the reduction of 
drag and I believe of the fess weight required. 

We must give credit for the public demonstration of the evaporative cooling 
system to the airship R.1o1, resulting from the pioneer work of Wing Commander 
Cave-Browne-Cave, already described by him before this Society. 

There has been considerable development in America using a special fluid, 
ethylene-glycol, in place of water as the cooling medium. Some work in this 
direction was done here several years ago using a glycerine compound, and the 
matter is still under investigation. It is too early to say what the result of this 
development will be in competition with evaporative cooling, but I will put down 
some of the points briefly for consideration. 

Evaporative cooling gives us automatic temperature regulation and gives us 
a lower combustion wall; space temperature; we can_ therefore get a higher 
B.M.E.P. with less detonation and better fuel economy. Ethylene-glycol gives 
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us a small radiator of compact form owing to the increased temperature difference 
between the liquid coolant and the atmosphere. The result will partly depend 
upon the development of anti-detonating fuels. 

At some future date, automatic mixture strength regulation with change of 
altitude will be universal. The problem is not easy, but the development of a 
successful arrangement will be greatly helped by the possibility of uniform tem- 
perature for carburation and cylinders, which water-cooling provides, and which 
will be perfected when evaporative cooling has come into use. 

The pilot, in the latter case, will be relieved of the responsibility of remem- 
bering his radiator control before the water has boiled dry in his engine, and will 
get better mixture strength without the worry of guessing about it or messing 
with it continually. 

The variable pitch airscrew is making some progress but has not yet passed 
the experimental stage. If it came into general use it would have considerable 
influence on engine design, owing to the tendency it would develop to keep up 
maximum torque and to keep down engine revolutions when cruising. Most 
engine builders, I believe, dislike this combination and, in any event, the engine 
will have a harder time than when fitted with a fixed airscrew allowing normal 
rate of revolutions on climb. The variable pitch airscrew should reduce fuel con- 
sumption, and may be an influence working in the direction of reduced cylinder 
dimensions on a given crank previously referred to, Already in the case of the 
variable pitch airscrew, automatic contro] is under test. 

With the general increase in auxiliaries required on an aero engine, and 
they all seem reasonable when considered separately, we are bound to consider 
what we can leave off, and whether we can modify some of our conditions to 
get the performance we require with a simpler engine, such as a greater range 
of engine speed from normal to maximum permissible. 

There is room for considerable argument on this question, I think, how- 
ever, it must be admitted that if we can take off and cruise at normal r.p.m., 
that our engine will stand bursts of high speed without mechanical failure when 
required, then an increase of range of r.p.m. will considerably reduce the use- 
fulness of a variable pitch airscrew. It may be that its usefulness will be reduced 
to a point where the additional weight and complication of the mechanism for 
varying the pitch is not justified. To get the best results, we shall have to have 
a very good throttle consumption curve, or we shall not be able to equal the 
economy of the variable pitch screw when cruising. The conditions obtaining 
with the wider speed range are good for engine life and reliability. It must also 
be remembered that the blades of the variable pitch airscrew cannot be of correct 
pitch over all their length for all angular conditions; this makes it difficult to 
secure the expected advantages in performance even when the mechanical diffi- 
culties have been overcome, Will the suggested change in engine specification 
enable the simple airscrew to do all that is required ? 

I think perhaps the most important development of recent years, which is 
coming to the fore in connection with military machines, is the application of 
the geared centrifugal blower to supercharge the engine cylinders, either to 
restore ground power at height or to ground boost. This type of blower is at 
the moment most in favour, and it can at least be said of it that the practical 
difficulties have been overcome and that it seems likely to give good service, 
having a quite reasonable life and efficiency. We have run the rotor of these 
blowers up to 32,500 r.p.m., and on the 11,500ft. supercharged engines the speed 
is 27,000 at the maximum permissible speed of the engine. The general type of 
blower fitted to Rolls-Royce engines is shown on the section of the F. type engine 
in Fig. 1. The compact arrangement of the unit with the carburettor and the 
drive from the crankshaft can be clearly seen. The latter includes a_ slipping 
device on the lay shaft drives, and a flexible drive through a slender shaft, the 
torsional deflection of which is limited to a reasonable amount by stops. 
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In this country the carburettor is placed on the suction side of the blower. 
This keeps the float chamber quite low down on the engine, helping gravity feed 
where this is at all possible, and also makes it quite unnecessary to arrange to 


feed the fuel against the boost pressure. The vaporisation of the fuel in the 
blower increases the efficiency of compression, besides helping with the aid of 
the mechanical effect of the rotor to pass a uniform mixture to the engine. The 


temperature of the air drops something less than 20°C. due to vaporising the 
petrol. 

When the amount of boost that can be obtained on the ground is more than 
the engine can stand and the blower is intended to be brought into use with 
increase of altitude, the pilot is provided with a boost gauge, that is, a gauge 
to show the absolute pressure in the mixture pipe between the blower and the 
cylinders. He has to see that he does not allow a predetermined pressure to be 
exceeded, and on climb has to open up his throttle to keep his boost gauge 
constant to get the best results. Automatic devices are now being developed 
to relieve the pilot of this duty. There is just one disturbing factor affecting 
the reliability of boost gauges, and which our automatic device must stand up 
to, and that is a really good backfire at full boost. Of course, the blower itself 
must be strong enough to stand these occasional high pressures, which have 
to be faced especially if a sparking plug is causing pre-ignition. 

The displacement type of blower promises to prove a useful type, but, as 
far as the writer knows, it has not vet been standardised on any aero engine, 
though its use on racing cars is quite general. Its advantages are worth careful 
study, and an effort should be made to overcome the design difficulties which 
are at present holding it back, 

The exhaust driven type seems likely to die right away, having no advantage 
of suflicient magnitude to compensate for the mass of red-hot piping and the 
difficulties of installing 


t satisfactorily, 

The terms supercharging and ground boosting really describe the same 
thing, except that in aero work supercharging is taken to imply restoring the 
ground B.H.P. of a naturally aspirated engine at some altitude, and ground 
boosting when the supercharge is used to increase the power at ground level. 
There is no difference in principle, except that in the first case the engine is 
not mechanically strong enough to stand full throttle on the ground, or detona- 
tion trouble with the fuel available would be too serious at the pressure and 
temperature prevailing at ground level to permit full throttle to be used. 

A simple device developed by Rolls-Royce takes the form of an expanding 
air intake—it is really another form of supercharger. Advantage is taken of 
the fact that the speed of the aeroplane is usually more than the air velocity 
in the usual type of intake. The mouth of the intake is arranged to take in a 
slice of air without spilling, and the velocity is reduced in the expanding pipe 
to be converted into pressure energy. This type of intake is applicable to any 
engine in any machine of sufficient speed. We can refer to a supercharged 
engine with such an intake as having 3 stage compression, though, unfortunately, 
we still have only single stage expansion, The reduction in resistance in 
an intake of this type is considerable owing to its reduced size and small eddy 
effects if suitably placed. In fact, it is the cheapest and also the lightest means 
of increasing the power of an engine vet found, The efficiency is also very high 
and very little heating of the air occurs during this preliminary compression. 
The air flow conditions are more constant, asd less trouble is found in maintain- 
ing uniform balance conditions in the carburettor. 

I think we can claim that British engines are at least as far developed as 
those of any country with regard to the adoption of supercharging, as we have 
several type tested types, which have also a considerable amount of flying service 
to their credit apart from stunt work. 
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On the Continent the carburettor is more generally placed after the blower, 
and several interesting types have been produced worth careful examination. 

America has several types of interest, but there again I do not think they 
have yet reached the stage of standardisation, 

There are several avenues still open to development of various types of 
supercharger, but it is too carly to prophesy whether any of these will alter our 
present types materially. 

As a matter of interest, an illustration (ig. 2) is included, showing a super- 
charged Rolls-Royce Condor type engine. This is of the exhaust driven type, 
and is rather compact in its arrangement. The compactness was largely obtained 
by adopting two stages for the compressor, thus keeping down the diameter of 
the main unit. 


Royal Air Force Official—Crown Copyright Reserved. 


Fig. 2. 


The progress that has been made in respect to fuel economy is real, but 
difficult to state in definite figures as affecting the ordinary commercial aeroplane. 

The best results to date have been achieved by raising the compression as 
far as possible, using special fuels to keep down detonation. It is doubtful 
whether this is helping commercial flying, but it has at any rate enabled some 
very good results to be obtained on special tests. 

A great amount of work has been done in the investigation of the anti- 
knock values of fuels and in standardising the results, which is of great value. 
Fuel of excellent quality is in use in increasing quantity, but for commercial 
werk we are not able to depend on this and have to supply engines that will 
use inferior fuel. This limits the horse-power output of a given size engine, 
due to lower B.M.E.P., and increases the fuel consumption. Fuels can be 
obtained which will permit us to run as high as 200 lbs. B.M.E.P. using high 
boost and fairly high compression, but we have to be content with a B.M.E.P. 


of about 130 Ibs. for commercial work. We hope the fuel suppliers will continue 
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their efforts, as a cheap and plentiful supply of a satisfactory non-detonating fuel 
will do a very great deal to increase the efficiency and reliability of aeroplane 
engines. 

Turning to the engineer’s side of the problem, we find that increasing the 
engine speed is helping to reduce the difficulty, and that some improvement in 
the design of the cylinder has contributed to better results. 


Frontal area of 
825 b.hep., compared with ‘* Condor IIT.,’’ 650 b.h.p. 
Shaded area ‘ndicates area of ‘* H.10.”’ 
Unshaded area indicates excess area Condor II1.”’ over H.10.’’ 


Combustion space design is, however, badly hampered by the need to get 
in sufficient valve area. The small total volume of the clearance chamber also 
makes it more difficult to form an anti-detonating combustion space shape. The 
alternative of letting an engine detonate to some extent, and designing the parts 
to make them capable of standing the loads imposed is only possible to a small 
extent. If it is allowed to pass the point where a spot in the combustion space 
receives heat faster than it can be carried away by the cooling medium, pre- 
ignition will follow and serious damage result. 
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The British Air Ministry now allow a certain amount of detonation with 
standard fuel if the engine can stand up to a 20-hour run in addition to the 
standard type test, with the engine speed pulled down to ground running con- 
ditions and developing full power at that speed. As the same engine is used for 
all the runs, the severity of the type test is increased, but we agree this is a 
move in the right direction. 

After complete reliability has been achieved, engines will have to become 
more silent in operation, in themselves, their exhausts, and be fitted with 
silent airscrews. Perhaps this is the point on which we can make least 
claim to have progressed in the last six years, the best result to date probably 
being obtained with the old six-cylinder-in-line water-cooled engine, with a 
direct drive airscrew and long exhaust pipe. Whilst I do not regard this matter 
as being as important as, say, reliability and sufficient performance to enable 
machines to be run at a profit, at the same time silent running is much to be 
desired for our greater comfort. It may be that military requirements will supply 
the impulse to get us all working at this problem of the silent aeroplane. It is 
certainly needed for passenger aircraft. 

Apart from the influence high mean effective pressures may have in other 
directions, they certainly help in conjunction with an increase in engine speed 
to reduce the frontal area. The importance of this varies in different machines, 
but any reduction in space occupied by the power plant is useful apart from re- 
duction of head resistance. It is very difficult to compare the frontal areas of 
engines directly as, of course, it is minimum cross-sectional area of the body that 
can be built round them that matters; at the same time, progress in this direction 
has been sufficiently great to make it easy to show the great gain there has been 
in this direction in the last few years. ‘The illustration, Fig. 3, shows the 
outline of the Condor III. of 650 B.H.P., described in my previous paper, over 
the 825 B.H.P. Rolls-Royce ‘* H ”’ engine. 

I think there is sufficient experience to show that high mean effective pressures 
result in a reduction of weight per B.H.P., keeping the same degree of reliability 
and life of engine, always, of course, provided that detonation is kept within 
moderate limits for overload conditions of short duration. 

Descriptions of the Rolls-Royce ** F ’’ and ‘* H ”’ engines have already been 
given in the press, and the reader is referred particularly to an article in the 
December issue of *‘ Aircraft Engineering,’’ where cross-sectional drawings of the 
‘F’’ engine are included, showing fully the various constructional details of the 
type. The writer does not propose to duplicate in this paper all the information 
already available from other sources, but proposes to include a few illustrations 
of the ‘* R’’ type Schneider Trophy engine with a few particulars regarding them 
for your inspection, 

The bore and stroke is the same as the standard ‘‘ H ”’ type, namely, 6 inches 
and 6.6 inches respectively, but practically every part of the engine is different 
for One reason or another—one would rather expect this to be the case, having 
in mind the very different work required from the two engines. 

Figures 4, 5 and 6 show the outside appearance of the ‘‘ R ’’ engine, and 
Figures 7, 8 and g the corresponding views of the ‘‘H ”’ engine are included 
to show some of the changes made. It will be noticed that the object in view is 
first to make the engine instal in a body with the smallest possible cross section, 
to provide a blower of increased capacity for the extra boost required, and to 
alter the outline to suit the nose of the machine. The ratio of the airscrew 


” 


gearing was also modified to suit the conditions of the special machine. As the | 


machine was for an entirely civil purpose, the provision for timing a gun firing 
through the airscrew was omitted. It will be noticed that the camshaft covers 


are shaped to conform to the body shape of the machine, giving several ad-_| 


vantages for a job of this sort, such as reduced head resistance, simplicity and 
some direct cooling. As the machine does. not carry wireless, the usual braided 
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tem 4- 


cable and screening is not fitted. The air intake, it will be noticed, is in the Vee 
between the cylinders, and is of the expanding type referred to earlier in the 
paper. The position on the machine appears to have been quite satisfactory, and 
although the engine is lengthened by the long air intake at the back of the engine, 
the weight of the pipe is very little. 

As usual, when machines of this type are put in hand, the time available was 
one of the greatest limiting factors, and we could not afford to neglect any means 
that promised quick returns. Fortunately, we had done some running experi- 
mentally on the ‘* F ”’ type at nearly 20olbs. B.M.E.P., and at comparatively high 
speeds. The first step taken was to start similar experiments on a_ standard 
‘HH ”’ engine, which were carried out while the design of the ‘f R ’’ engine and 
the aeroplane proceeded. These tests saved a lot of time when the final engine 
was ready for test and proved to be invaluable. 

The testing of an engine of this type presents several difficulties, particularly 
as so much of the test tackle has to be improvised at short notice. On our 
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final tests, we had a 300 m.p.h. wind blowing over the air intake—this was to 
allow us to test under the conditions obtaining in the air using our diverging 
intake. It was obtained from a blower driven by an ‘* F ’’ engine. We also 
had a second ‘‘ F ”’ engine fitted with a pusher propeller to blow additional air 
over the engine for cooling purposes and to carry away the exhaust gases from 
the test house. There was some comment in the neighbourhood about our noisy 
tests and the work of the testers was certainly unpleasant ; accordingly when we 
arrived at the seaside for our tests in the machine we were almost disappointed at 
the smallness of the sound. One of the outstanding virtues of the engine was 
its ability to run slow without plug trouble, the engine handling quite smoothly 
for slow running, etc. The experience gained in the preparation of the engine 
and in the race itself has undoubtedly been of great value so far as our products 
are concerned, modifications found desirable where they affect strength, suitability 
of material, etc., being standardised at once on our other engines. 


The success of this engine in the race would have been impossible without 
the close contact that existed between Mr, Mitchell and the Rolls-Royce Company, 
enabling the complete installation to be gone inty so thoroughly that very little 
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trouble was found when the flight tests commenced. It is, of course, much easier 
to maintain touch in building a special engine to be installed in one machine than 
it is when the engine is to be installed in a number of machines built by different 
constructors. There is still room for more collaboration between the engine and 
aircraft firms. 

The engine was also a full-scale test of ground boosting, and in this respect 
served a very useful purpose. The results certainly show that a considerable 
ground boost can be used satisfactorily, and for racing I think there is no doubt 
that the fastest machine can be produced with its help. I also think it is only 
a question of time before it comes into use for some types of aeroplanes, although 
only to a small extent possibly for high altitude ones. In fact, restoring ground 
power at altitude will require supe r-boosting when ground boost is used normally, 


which causes us to regard the usual] supercharged- for-altitude engine as being 


FIG 9, 


Views of Rolls-Royce ‘‘ H ’’ Engine. 
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only a gated engine, and I think this is the clearest way to look at the question 
in view of the complication resulting from ground boosting. 

Engine-driven fuel pumps are an accepted accessory to-day. The two main 
types are the gear type and the diaphragm type. The diaphragm type can be 
arranged not to pump beyond a desired pressure, whereas the gear type pump 
requires a separate relief valve. The gear type pump, using lubricating oil to 
lubricate the spindles and to seal the gland, can be run without pumping petrol 
and makes a reliable unit. 

There has been very little development in England as regards new types of 
ignition apparatus, but there is considerable improvement in detail. ‘The latest 
magnetos are capable of running at higher speeds, and the weight has been re- 
duced by the use of cobalt chrome magnets. ‘There has been more attempt to 
break away from the orthodox magneto in America and on the Continent. ‘The 
manufacturers of sparking plugs have also risen to the occasion and are providing 
us with still better plugs. 

No review of recent developments in regard to aero engines would be com- 
plete without some mention of the compression ignition engine, but I dg not pro- 
pose to say much on this topic, as many people with much more knowledge than 
I possess have already stated pretty fully the present position. 

If we examine the engines of R.1or, they give 11.4 B.H.P. per 100 cubic 
inches capacity—this is a low figure owing to the type of engine and its low crank- 
shaft speed. At the moment, I should guess that an engine of this type should 
give two-thirds the B.H.P. of a petrol engine of the same capacity, and weigh 
about the same or slightly more per cubic inch. ‘This rough generalisation brings 
the compression ignition engine inside 3lbs. per B.H.P., and taking its advantages 
into account with regard to fuel economy and safety, makes the type quite attrac- 
tive for certain types of machine. 

There is a steady improvement in the materials available for use in building 
our engines. We are now using a new aluminium alloy known as the R.R. egos, 
This alloy is formed by the addition of copper, silicon, nickel, titanium and other 
constituents. In the cast form it has an ultimate strength of not less than 12 tons 
with an elongation of 3 to 8 per cent. Sand-cast with a low temperature heat 
treatment, it has a strength of not less than 14 tons with an elongation of not 
less than 3 per cent. Its specific gravity does not exceed 2.75. These figures 
do not show all the advantages that have been attained, as the material retains 
its strength particularly well at high temperatures and has a consistency of quality 
under ageing conditions not possessed by the zinc alloys. It is also more con- 
sistent as a production material. These results have been confirmed in actual 
practice. The alloy also has very good forging qualities, and its use in this 
direction is being developed. 

We have an increased number of valve steels available for special purposes, 
and these are necessary for the exhaust valves of engines working with high 
boost pressures. One of these is a steel containing a high proportion of chromium 
nickel and silicon. Whilst this steel retains its strength at high temperatures, 
it is rather soft for the stem, and has to be fitted with loose hardened tips to 
take the action of the valve tappets. 

Nitrogen hardening steels are being very vigorously developed for various 
engine parts, particularly. cylinder liners and crankshafts. We perhaps might 
describe the present stage of these materials as experimental production. In 
one or two instances, such as water pump spindles, they have proved to be 
satisfactory. If the early promises come true this material will greatly improve 
the life of some of the wearing parts of the engine. Proof of uniformity in 
production and fatigue range is now being obtained. 

The use of magnesium castings in place of aluminium moves slowly. 
Experience has shown the material to be more reliable and less affected by salt 
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air than was thought at one time. Its fatigue strength is less than aluminium 
castings in the usual alloys per square inch, 

I think these are the points on which the greatest progress is being made. 
There is a slight improvement generally with all our materials. 


DISCUSSION 


The CnatrmMan: When the author wrote the paper he thought that what he 
had written would be a suitable opening, and then he came to the conclusion that 
if he went any farther it would take rather a long time to deliver. Therefore, 
he did not complete the remainder and they would have to ask him, in dealing 
with the points that would arise in the discussion, to follow out his originai 
intention and carry his story a little farther. The paper showed once again che 
great debt that the development of the aircraft engine owed to the automobile 
engineer, and in particular to the Institution of Automobile Engineers, because 
the author, for years before he took up work in connection with the design of 
aircraft engines, was employed on automobile design. He referred to having 
been somewhat hurried in the design of this engine, and it must be known to 
many in the audience that the designing, construction and testing of the engine 
that had been described was one of the most remarkable records of production 
of an engine that this country or any other country had ever seen. It must really 
equal that war production record of the Liberty engine, when Colonei 
Vincent, of the Packard Company, and two other people were said to have deen 
locked up for several days in a room and were not allowed out until they had 
produced a design for an engine. When we decided to compete in the Schneider 
Trophy contest the conditions were such that it was absolutely necessary to 
design and develop this engine in record time. He (the Chairman) was very 
satisfied indeed to notice the tribute paid by the author to the value of speed 
records and of duration records in the development of the ideal type of engine 
for civil aviation, and he knew the debt of gratitude that the author’s firm owed 
to the Air Ministry for its invaluable technical assistance in the production of 
these engines. The author urged the development of aircraft engines primarily 
from the point of view of civil aviation and said he hoped later on that civil 
aviation would create the main demand for engines made by his firm. It was 
very satisfactory to know that they were regarding these problems from that 
particular angle. Were it conceivable—which it was not—that the firm of Rolls- 
Royce, for any reasons known to itself, were to close its doors to-morrow, the 
name would still survive as it has earned a place in the English language and 
signifies the superlative in an engineering sense. 

On behalf of the Royal Aeronautical Society he wished specially to welcome 
Mr. Tookey, the Vice-President of the Institution of Automobile Engineers. 

Mr. W. A. Tookry: The only reason for himself being on the platform was 
that he was formally representing the Institution of Automobile Engineers, of 
which the author of the paper was a highly esteemed member. Professor 
Morgan, the President of the Institution of Automobile Engineers, was in Bristol 
and unfortunately unable to attend. He did not intend to say anything at all 
about the technical side of the paper. His work, so far as it related to internal 
combustion engines, and which had been spread over he was afraid to say how 
many years now, had been with the type of internal combustion engine whose 
weight was not expressed in fractions of a lb. per b.h.p. Aeronautical engineers 
had a decided advantage over those poor fellows who had been concerned with 
the development of the heavy internal combustion engine, which, for example, 
had never been permitted to make the noise that aero engines made. Even the 
motor cyclist with a three or four horse-power engine found himself up against 
the Ministry of Transport orders if he happened to try to run without a silencer, 
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and as a member of the Silencer Panel of the Automobile Association, he well 
remembered having to attend a police court case, where a poor motor cyclist— 
he did not mean poor in the sense of being poor and needy, but he was poor 
in that he was caught—who was summoned contended that his motor cycle did 
not make nearly so much noise as an aeroplane up above, but the clerk of the 
court promptly said that if an aeroplane were brought down that street the pilot 
would soon find where he would be. Another thing that makers of aeronautical 
engines had benefited from was that they could plan out their conditions of 
operation with every care knowing that they would not be worried, as those 
who were concerned with heavy engines were, as to whether the fellow who was 
responsible for the foundations and the general lay-out had done his work 
They were never up against the difficulty that he had before 


properly or not. 
An engine in a picture house was 


him during the last few days, for instance. 
supposed to run noiselessly, otherwise it interfered with the hearing of the 
talkies.’ That engine would run for a while at full load but soon pulled up. 
It was only by careful examination that it was found that the trouble was due 
to the heat of expansion in the exhaust pipe not being able to push the wall of 
the building away. Instead, the expansion exerted a pressure against the wall 
of the evlinder and brought about excessive piston friction to an extent which 
produced a very considerable ‘* overload.’’ Aeronautical engineers had the 
advantage that they could rise above such circumstances, but it could be appre- 
ciated why he felt unable to take a useful part in the technical discussion of 
However, automobile engineers and heavy engine 


the paper that evening. 
designers fully appreciated the work that aeronautical engineers were doing and 


especially the work for which the author of this paper had been responsible. 


Major G. P. ButmMan (Head of the Engines Design Branch, Air Ministry): 
Noi the least interesting feature of the paper was that for the first time authentic 
data relating to the ** R’’ engine had been issued and it was very fitting that 
these facts came from, might he say, the horse’s mouth, because the author 
had played such a very important part in producing that success. The detailed 
account of the testing of these engines was in itself of great interest in presenting 
such a striking contrast with certain other alleged test figures and results about 
which one had read in the more sensational Press. The h.p.’s mentioned in the 
paper, remarkable as they were, were definite and had been accurately measured. 
There was, however, one thing in respect of these figures; he hoped that the 
world at large would not expect, at once, or in six months, or perhaps even in 
two years, that we should be able to secure these very large powers out of this 
type of engine for general Service use. They knew that an engine of this 
capacity had done 1,900 h.p., but they would all be foolish to look for anything 
more than say 1,000 h.p. within two vears from the Service standpoint of 
reliability. The author made that clear quite early in the paper in referring to 
the conflict between sheer performance and reliability. The author suggested 
that reliability was not of such great importance to Service work as it was to 
civil work, but there he ventured to join issue with him. Reliability for Service 
work was of the very highest importance from the military standpoint, in that 
whilst for some special purposes everything perhaps must be sacrificed to sheer 
performance, for the greater part of military operations the ability to keep a 
machine in the air with a minimum amount of man power, repair resources and 
ground organisation was one of the greatest factors in successful air power 
application. One was always, of course, being chased by the aircraft designer 
for more power and more performance, and it was one of the greatest difficulties 
of those concerned with engine development to keep a level keel and make ie 
clear that to give more power and higher efficiency something had to be paid 
We could not go on increasing power and at the same time auto- 
Like everything else in engineering, it was 
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matically giving equal reliability. 
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a matter of compromise and it was for the engineers to make clear what the 
facts were on which all sound decision should be based. There were many points 
in the paper on which one would like a further indication of the author’s views, 
but no doubt other speakers would mention them. He was_ particularly 
interested and pleased to note the author’s reference to the co-operation which 
existed so admirably between Mr. Mitchell and Messrs. Rolls-Royce, and was 
quite sure, as the author suggested, that that co-operation was a large factor in 
the success that was obtained. As he had mentioned on other occasions, such 
co-operation in his view is absolutely vital if they were to progress. He really 
felt there was a great deal yet to be done. If a messenger from Mars suddenly 
entered the British aeronautical world he would think that the British aero engine 
designer and constructor had in the last two years gone out of his way to produce 
thoroughly rough running and unpleasant flying engines which froze up and gave 
ali sorts of trouble. Actually, of course, the British engine designer had not 
gone out of his way to make rough running engines or engines that tended to 
freeze up; among other things, he had at the very proper behest of the aircraft 
designer entirely altered the whole aerodynamical features of the engine in 
relation to its airscrew and the aircraft behind it. If one suddenly increased 
the torque and slowed up the speed of the airscrews in a machine which previously 
had a small diameter high revolution airscrew, there must be some effect on the 
aircraft structure. One was told at once that the engine was rough running 
and that the whole machine vibrated. No doubt there was much refinement 
possible and urgent in the engine itself in the matter of carburation and the 
design of gears and their machining, etc., but he urged on aircraft constructors 
the small request that they should not every time merely say that ‘‘ it was a 
rotten engine,’’ and that they would at least listen with a little sympathy to the 
engine designer’s suggestions that if the torque were increased perhaps a 
hundred per cent. then some adequate allowance in the matter of engine mounting 
is needed, because the effect of that increased torque would be just as great if 
it were provided not by an internal combustion engine but by an electric motor. 
The Chairman had referred to the Air Ministry in respect of the ‘‘ R ’’ engine. 
It was unnecessary to say that those who had been in any way responsible for 


advising on the selection of the type of engine to be used had had a-very deep 


feeling of responsibility, more particularly as the time available was _ terribly 
short. They, in a large measure, had based their decision and took their judg- 
ment ultimately on the question of personality. They had looked for the best 
qualified men they thought who really could do the job in the time and then 
had largely left it to them; as far as he was concerned those men had done that 
job handsomely; they had been asked to produce 1,500 h.p. and they had 
delivered 1,900 h.p. 


Mr. A. E. L. CHoriron: As he only came home from abroad on the previous 
day he had had very little opportunity of studying the paper, but had listened 
to the reading of it with great interest. Supercharging was the basic principle 
in the design and the results obtained were to be marvelled at when one looked 


back to the beginnings of supercharging. The year 1902 saw Dugald Clerk’s 
first patent, and that was a long time ago, and he personally possessed diagrams 
of 200 Ibs. per sq. inch, such as were in ‘the paper. It was true that the early 


work had nothing to do with aero engines, but it showed that at that time people 
visualised the vast difference in using very high mean pressures by the addition 
of a great deal of extra or excess air, but the remarkable thing was the time it 
had taken to translate what might be called the occasional practical experiment 
of those days to the Schneider Trophy engine. The combination of other parts 
in the whole sche me, 7.e., the blower itself, had no doubt been the reason for 
the delay and why the successful engine had only come about when all these 
parts had been developed sufficiently. He asked the author how far he visualised 
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progress might go along these lines because it was really very astounding what 
had been done. When related to the compression ignition engine, how far did the 
author think it would go? Similarly, that engine had the advantage that the 
fuel was not injected into the air until the cylinder door was closed and the risks 
of backfire did not exist, and it possibly had in some senses a wider possibility 
in the use of the supercharger. If they supposed it had, then its mean pressure 
would actually rise until they got high figures, such as those mentioned by the 
author. The author said that engines might be considered to be designed from 
the detonation point of view and with that he agreed. They had to face high 
pressures in the future and they ought to aim for them soon if they did not 
substantially provide for them now. The aim of their design ought to be to 
take care of very high pressures in the future, well over 1,000 lbs. Under these 
conditions they should get the high mean pressure that the author spoke of 
coupled with the higher economy of engines working on a compression ratio 
of 15 or 16 to rt. That, of course, was necessary for long flights with very 
large machines. In all high speed machinery that he had been concerned with 
the most definite governing factors had been the factors of vibration of one 
sort or another. In the case of the R.1or engines, the crankshaft and _ its 
torsional periods gave as much or more trouble than anything else in the engine. 
These same troubles had been and still were, probably, the main troubles with 
submarine engines. Despite the fact that it was some 20 years ago since he 
had his first troubles of this nature, he was afraid they were only beginning to 
be properly understood now, that was to say, in the minor rather than the major, 
and therefore it behoved at least some designers to concentrate on means for 
overcoming these vibrations. It was not good enough to try and design outside 
them or to push them out of the running range by altering the strength or position 
of parts. That might be possible with an aeroplane wing, but it was not possible 
with an engine running at variable speed, and as people understood the problem 
better so they would be able by proper damping to remove the risks and also cut 
down the weight of parts. He would like the author to express his opinion on 
vibration, such as he had met in his experience. 

Another point to which not much reference had been made, but which was 
important, was the production Of material by the nitriding process. Fast running 
engines of all descriptions were usually condemned because of wearing out, and 
when they produced a strong steel with a Brinell number of nearly 1,000, which 
was glass hard, then there was good hope for the high speed engine of all kinds 
and for all duties. He asked the author if he did not foresee that results such 
as he had described with the high speed engine would bring such engines more 
into use for civil purposes. Cooling was the only other point he would like to 
mention. How far had they got in this country with ethylene-glycol cooling? 
He first met it in America a little over a year ago and in the Services there they 
were very keen on it. He thought it had advantages over ordinary steam cooling 
for the compression ignition engine where pre-ignition difficulties did not come in. 
It brought down the weight of the radiator considerably, but he was told that 
the successful use of this high boiling point fluid meant an alteration in the 
engine itself. We could not take an ordinary engine and merely change from 
water to ethylene-glycol and get successful results. Around the valves and hot 
spots of the engine greater care had to be taken and a greater volume of fluid 
passed, due to the lower specific heat, through more carefully. Therefore, he 
asked the author to give his views with regard to this because he thought it 
was for water-cooled engines, one of the best means of recovering its lost pre- 


eminence. 

Major GREEN: It was with very much pleasure that he spoke, because the 
author of the paper was an old and valued friend with whom he had frequently 
discussed the subject of air and water-cooling. He would not go into that 
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question to-night, except to say that each type of engine had much to learn from 
the other. In particular, the author had described the supercharger and drive 
that was used on the Schneider Trophy engine. This was in fact a similar gear 
to that which had been in use on Jaguar engines for a number of years, par- 
ticularly with regard to the driving mechanism. 

He agreed with almost everything the author had ‘said, but there were one 
or two minor points to which he would like to refer. He agreed that the variable 
pitch airscrew was not a very promising line of development, but he did not think 
the author was right in saving that as the angle of the blade could only be right 
for one pitch the efficiency would be down at any other pitch; actually, the 
difference in aerodynamic efficiency would be so small that it would not matter. 
Another small point mentioned by the author was the constant temperature 
obtained with steam cooling. This was not quite correct, as there is a consider- 
able difference between the boiling point of water at ground level and at 20,000 
feet, although the difference would probably not have much effect on the engine. 

There was one little bit of history which went back rather a long way, but 
it might be interesting in showing how things developed. Early in the war the 
Rolls-Royce Company were producing excellent engines, but as they were rather 
difficult to produce in the quantities required, the speaker, in his capacity of 
engineer-in-charge of design at the R.A.E., was instructed to see Mr. Royce 
and try to persuade him to make his engine simpler. The particular way in which 
he asked Mr. Royce to do this was to give up the epicyclic gear and adopt a 
plain spur gear which was then being used in other Vee type engines. Although 
he talked for a long time he could not make any impression on Mr. Royce, who 
said it was obvious that the gear he was being asked to use was barbarous and 
would break the crankshaft and cause other troubles, although it was pointed out 
to him that this had not happened on other engines. However, Mr. Royce stuck 
to his guns, and the peculiar thing is that in the latest engine produced by the 
Rolls-Royce Company we find this same barbarous gear, and it is still more 
curtous that the Jaguar engine, with which he himself was now most concerned, 
had an epicyclic reduction gear. 

Major Bartow: Would the author amplify his brief remarks in the paper 
on carburation and fuel consumption, because it would be of great interest to 
aircraft engineers to know the author’s view as to what might be expected in 
this direction when it was realised what a big percentage of useful load is fuel? 
Consider the case of a machine carrying fuel for 4oo to 500 miles, if the present 
percentage of the total useful load (about 65 per cent.) represented by this fuel 
could be reduced it would obviously increase the paying load and be a great 
advantage both to commercial aircraft and military aircraft. They certainly 
hoped for great things from the heavy fuel engine of the Diesel type in this 
respect. 

The author referred to airscrews and wanted the weight cut down. So did 
aircraft designers, but he was afraid they would have to combine forces and ask 
the metallurgical people to help. Magnesium alloys seemed the only hope at 
present, but the forging difficulty in manufacture was a problem not yet overcome. 
The author refers to inertia of existing designs, but the airscrew designer 
must have diameter especially to take advantage of engine gear ratios and this 
means very much more inertia loads than the engine builders had had to deal with 
in the past, but to give credit where credit was due, he felt the engine people 
must remember that the airscrew people had to design the same diameter air- 
screws to deal with something like twice the horse-power in the last few years. 
In fact, in the case of the Schneider Trophy it was something like six times, and 
further, this was attained with an airscrew giving an efficiency of 84 per cent. 
at full speed. Variable pitch propellers would help to attain good cruising 
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efficiencies, and in that respect he thought we should remember that it was only 
a few degrees alteration in pitch that is necessary to get that effect. With regard 
to flutter a sound test was impracticable, but much could be done by good design 
to overcome fluttering and vibration which were often set up by the engines 
and gears themselves. There was one question he wished to ask, and that was 
whether there was any advantage in using a different lubricant on the gears. 
There must be a fair amount of heat transfer to the oil and surely engine oil was 
not the most ideal for gears. He entirely agreed with evaporative croling as 
being a practical proposition. With regard to collaboration between the engine 
and aircraft designer, mentioned by the author, he took it the author was 
inflicting a reprimand on himself, because he could assure him that it was very 
annoying for the aircraft designer to get out an installation design for a certain 
type of engine to drawings and then find that he had been provided with a totally 
different kind of engine for actual installation, but perhaps they could join forces 
again and blame the official side of aviation. The question of starters had been 
mentioned and he asked if the author, as an engine builder and designer, had 
any views on the question of the electrically-driven or manually wound inertia 
starter. We appeared to be behind in this country on the question of starters. 
He would also like to hear the author’s views on the direct injection of lubricant 
to the main and crankshaft bearings. This would surely be a standard develop- 
ment for military machines and it was also of importance in the case of commer- 
cia! machines in cold weather. He believed that in the case of a certain com- 
petition for scout machines on the Continent the winner was a machine fitted 
with this svstem of quick lubrication, because it avoided the time of many 
minutes warming up which was necessary in the case of the other competitors. 


Wing Commander Hynes: A review in retrospect covering a period of years 
such as the author had given served a very useful purpose and enabled one to 
survey the wood as a whole as distinct from the individual trees. It helped them 
to visualise just where real progress had been made and where opportunity, 
perhaps, had been missed. This paper was full of good things and there were 
many points which one could fruitfully discuss, but it would obviously be absurd 
to try and take them point by point. He had, however, picked out two points. 
The first he regarded as one of the opportunities which had been somewhat 
neglected. He referred to evaporative cooling. This system of cooling was 
quite a distinct sub-division from air cooling or water cooling and had some 
extraordinarily important advantages which had been referred to in the paper 
and which were specially applicable to aircraft engines. This matter had not 
been pressed forward or developed with the energy it deserved. He agreed with 
the author that sufficient work had been done to make the success of such a 
svstem quite certain and, what was more, all that work was done some years 
ago, but the fact remained that we had not one ‘‘ heavier than air ’’ engine 
working on this principle in service to-day nor was one likeiy to go into production 
in the near future. It appeared to him, however, that apart from its other most 
valuable attributes, not measurable in terms of Ibs. per b.h.p., to offer a wonder- 
ful opening for reducing the weight per b.h.p. of a water-cooled engine power 
plant as compared with the meticulous care and sustained efforts which had been 
expended in reducing the dry weight of the bare engine. Therefore, he was 
surprised it had not been more energetically pursued. He considered it was 
definitely one of the lost chances that might have been added to the other achieve- 
ments of the last six vears. He admitted there were difficulties, but none of 
them seemed to be insuperable and the rewards to be obtained seemed to be 
well worth the effort necessary to surmount them. Incidentally, the system 
should also be attractive to automobile engineers and he could not understand 
why the experimental work done in the U.S.A. by Rushmore and others had not 
been followed up. 
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His only other point was that he was not yet convinced that the cxhaust 
driven supercharger was entirely out of the hunt. In spite of its many theoretical 
attractions, and some really wonderfully good performances put up by experi- 
mental units, he thought that owing to the mechanical and other practical diffi- 
culties of applying it to the petrol engine, that the author’s remark would probably 
prove correct so far as that particular type of engine was concerned, but with 
the advent of the compression ignition engine in which the temperatures of the 
cycle were much lower, the fire risk was very much less and the carburation 
problem was eliminated as only air had to be handled by the blower, a revival 
of interest in its possibilities might yet take place. He ventured to suggest, 
however, that the full advantages could only be appreciated by a very close and 
intimate study of the peculiarities of that system. 

Mr. Taytor: He would like the author to make clear with reference to his 
figures relating to weights whether the engines were complete with accessories. 
Did these weights include the water, radiators, fixings and pipe work? 

Mr. Capon: One of the most interesting features of a very interesting paper 
had been the large proportion of it that had been devoted to the border line 
between the engine and the aircraft, viz., the gears, the use of variable pitch 
airscrews, the installation of the engine, air intakes, etc. Whatever lack of co- 
operation there might be between engine and aircraft designers, the author was 
evidently in no way responsible. There were a great many points upon which he 
agreed with the author and he would only mention one on which he did not agree. 
He did not think there could be any appreciable improvement in consumption 
due to the use of the variable pitch airscrew. The ordinary fixed airscrew 
worked normally at approximately its maximum efficiency at maximum level 
speed and no change of pitch could increase that efficiency appreciably and might 
considerably decrease it. 

In the Hele Shaw variable pitch airscrew, for example, there would be a 
reduction in pitch under cruising conditions which would give rise to quite a 
serious fall off in efficiency if a locking device had not been provided so that the 
pitch could be locked at approximately the value it would have in maximum 
level speed; otherwise expressed, the airscrew would be used as a fixed pitch 
airscrew under cruising conditions. The variable pitch airscrew would, of 
course, enable a greater maximum range to be obtained in the instances where 
it increased the take-off thrust, because a greater fuel load could be carried, but 
the miles travelled per gallon of fuel would not be improved, unless the iecturer 
had in mind some reduction in specific consumption by adjusting the pitch to 
give a rotation rate suitable to the engine, and this would require to be offset 
against the probable reduction in efficiency which would accompany it. The 
author and his staff were very much to be congratulated on having introduced the 
principle of forced induction which had frequently been spoken about, but nobody 
hitherto had had the courage to apply it. Certain difficulties were foreseen, but 
the author had shown that these could be overcome and he understood they were 
not so formidable as they at first appeared. It had led to quite an appreciable 
improvement in power which apparently resulted without any other drawback. 
The author had given no figures with regard to the improvement of power to be 
expected from forced induction, but it was quite a simple matter with a slide 
rule to find out how much it was. If he had not made a mistake it was 5 per 
cent. at 200 miles an hour and 11 per cent. at 300 miles an hour. 

Mr. Pye: Nothing had been said so far on the general question of future 
development, except that, in a small paragraph of the paper, the author said, 
‘* There is evidence to show that development’ will be in the direction of relative 
reduction in cylinder capacity on a given crank with high mean effective pressures 
and rate of crankshaft revolutions.’’ That was very interesting because it was 


the forecast of a man with unique experience, and it was worth reflecting upon a 
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little. When the designer pressed his design to its farthest limit in the endeavour 
to get more power for a given weight, he always found himself up against certain 
limiting factors. His (Mr Pye’s) aie quarrel with the author was that he did 
not tell us enough about his troubles. Reading the paper, they might suppose 
that he just sat down at a drawing board, in conjunction with Mr. Royce; and 
then they ordered an engine to be built;, and straightaway they got 1,900 h.p. 
for 1,530 Ibs. weight when it was tested. It would have been extraordinarily 
interesting if the author had told them what were the difficulties with which he 
had to contend in getting that result, because he (Mr. Pye) had very little doubt 
that there were a few by the wayside. Indeed, he might safely make a guess as 
to what some of them were. In the first place, in putting up the speed to the 
order of 3,000 r.p.m., there would be diificulties with the main bearings and 
big-end bearings. The increase in mean effective pressure in the cylinder must 
have introduced other critical conditions and these were worth examining for a 
moment. The difficulties there, he would hazard the guess, were in keeping the 
piston and exhaust valves reasonably cool. The moment one began to super- 
charge one came up against these difficulties on account of the intense heat 
flow which had to be dealt with, and probably the worst problem of all was that 
of the red hot exhaust valve. It was asking a good deal to expect any machine 
to work satisfactorily with a thing which was red hot in its very vitals, It 
was his (Mr. Pye’s) business to try to foresee the developments of five years 
hence and, anticipating this problem of the red-hot exhaust valve, one had cast 
about to find possible ways of escape from it. There was one possible one in 
the use of the sleeve valve instead of the poppet valve. The sleeve valve he 
referred to was the single sleeve, because the double sleeve, as used on the 
Daimler car, was ruled out on the grounds of weight and heavy oil consumption. 
The single sleeve had been a sickly child ever since it was brought to birth about 
16 or 17 years ago, and it was interesting to speculate whether it would simply 
be a case of infant mortality or whether it would ultimately grow up to sturdy 
manhood. It was a serious criticism of it that no one had made a success of it 
hitherto, and if it were not that it was the only way out of this impasse of the 
red-hot exhaust valve, his interest in it would be much less. It was on these 
grounds that the Air Ministry asked Mr. Ricardo some time ago to experiment 
with single-sleeve valve engines and to see what could be done. He would draw 
attention to the results of two lines of investigation. One was with a very small 
cylinder, about 2{ inch bore by 3} inch stroke, and the other engine was of 
44 inch bore by 54 inch stroke. ‘The first of these engines was designed to run 
at very high speeds, with or without supercharge, and the second was designed 
to run with a very high supercharge. Between them, therefore, they covered all 
the directions in which the author anticipated development would take place. 
The small engine had run for something like 100 hours at a speed ranging from 
5,000 to 6,500 r.p.m. The performance that had been obtained could best be 
brought out in this way. The author quoted 37.8 as the normal h.p. per 100 cu. 
inches of cylinder swept volume and go h.p. per 100 cu. inches for the Schneider 
Trophy engines. The h.p. per roo cu. inches with the small sleeve valve engine 
was 175. That was not quite a fair comparison because a small cylinder would 
always be at an advantage when power output was expressed in that way, but 
it showed the sort of thing that could be done. The larger of the two experi- 
mental engines, which was designed to run at 1,500 r.p.m., had been running for 
something like 20 or 30 hours at a brake mean effective pressure of 4oo lbs. per 
square inch. To produce this the induction pressure was raised to four atmos- 
pheres instead of the normal one. In face of these phenomenal figures one had 
to think seriously whether a big effort should not be made to develop an engine 
of this kind. He was not a convinced advocate, because he saw all the diffi- 
culties there were in scrapping so much previous experience and detailed 
knowledge of poppet valve engines as they are, but what he wanted to put forward 
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was that results of that kind could not be disregarded if, as he expected, the 
author would agree that the red-hot exhaust valve in his engine was a real 
limiting factor, and always would be. 

There were one or two other points of detail he would like to mention, on 
which, perhaps, the author could give a little further information. He spoke of 
evaporative cooling as giving a lower temperature of the wall of the combustion 
space. He was not quite clear what he meant. With evaporative cooling one 
could presumably have the walls of the combustion space at a temperature a little 
above, but never below, the boiling point of water, namely, too deg. C. He 
would not have thought that with any properly designed engine in which the 
cooling water was below boiling point you would be liable to get higher 
temperatures. 

The author also said, ‘‘... An increase of range of r.p.m. will considerably 
reduce the usefulness of a variable pitch airscrew.’’ For civil aircraft he took 
it that a limiting condition was always that of getting off the ground when fully 
loaded. In other words, they needed to have available maximum h.p. for getting 
off, and he had always thought that one of the great advantages of the variable 
pitch airscrew would be that it would enable one to run at the maximum 
permissible revolutions, thus getting the maximum h.p., when getting off the 
ground. He did not quite follow the argument that an increase in speed range 
—in other words, presumably an increase of the maximum permissible revolu- 
tions—would reduce the utility of the variable pitch airscrew. 

His last point was with regard to the exhaust driven supercharger, because 
he felt there might be many people present who would have been very interested, 
and probably a little disappointed, at the author's reference to the exhaust driven 
tvpe of supercharger. It was at first sight such an admirable way of getting 
something for nothing, to make use of the exhaust gas roaring out at high 
temperature and comparatively high pressure. How to do that successfully was 
a problem which had been exhaustively experimented upon from the research 
standpoint. As the author said, however, it did not appear likely that for the 
petrol engine it would ever reach the point of being a practical success, but it 
had been a possibility which no one could afford to neglect. Some years ago 
the R.A.E. began some most skilful and exhaustive research into the various 
problems of driving a supercharger by means of an exhaust driven turbine, and 
one might say that they had really got over—and it was a very fine performance 
indeed—all the initial difficulties. They fitted this exhaust driven supercharger 
first of all to a type of engine for which it was not at all suited, prima facic, 
because there was no convenient place to put the turbine. Apart from the fact 
that it would not fit neatly on to the engine, its behaviour appeared very pro- 
mising, many hours of successful flying having been done with it. 

An engine of the Rolls-Rovce Condor type, with twelve cylinders V, 
seemed the ideal thing to work with because there one had this V space in which 
to place the supercharger, with the turbine in front of it facing the slipstream 
from the airscrew and getting all the cooiing which could be hoped for. The 
slide which the author showed illustrated the result. They would all agree 
that it turned out an extremely neat job. It was, in fact, so neat that, as the 
author said, it became a mass of red-hot iron when it was running on the ground 
and certainly was not a thing which you could ask any pilot to take up in the air. 
It would be clear, from what had been said, that the possibilities of the exhaust 
driven supercharger had been very thoroughly explored, and the conclusion that 
had been come to was that, by the time the design was sufficiently neat and 
compact to be a practicable proposition from the mechanical point of view, then 
the amount of heat which had to pass through the closed-in exhaust system was 
so great that it became impossible to keep the engine cool enough for safety. 

Mr. A. E. Parnacott: Looking at the drawing of the author’s engine it 
seemed to him that the stresses on the crankshaft were very high, and some- 


thin 


the 
pist 
mat 
cra 
locz 
the 
afte 
dele 
fini 
thre 
con 
cra 
mu 
tha 
as 
as 
eng 
hac 
suc 
fus 
tio! 
of 


bec 
wit 
It 
the 
ave 
oul 
for 
wh 
mi 
the 
att 
see 
pre 
pay 
the 
the 
ch: 
the 
ink 
ra 
of 
by 
fou 
Col 
cy 
on 
kn 
thi 
su 


WATER-COOLED AERO ENGINES ayo’ 


thing might be done towards seeing whether these could be reduced by placing 
the cylinders radially round the engine, then the reciprocating parts, the opposite 
pistons each in one plane, can locally balance each other and diminish the ampli- 
tude of the crankshaft vibrations, rather than the three forward pistons approxi- 
mately balancing the three aft. No material is stressed without deflection : 
crankshafts bend thousandths of an inch by hand pressure alone, so that such 
local balancing of reciprocating parts can result in shorter shafts, and the shorter 
the shaft of given scantling the less the distortion due to lack of rigidity, which, 
after all, is a relative term only. Flexing beyond the tolerance allowed has 
deleted ball and roller bearings from multi-cranked crankshafts. The precision 
finishing of the plain bearing journals parallel, except when being used, is 
evidentiy wrong, because all such journals wear most near the cheeks of the 
throws; such journals should, therefore, have spherical surfaces rather than the 
conventional cylindrical which hammer and fling out the lubricant. Again, air- 
craft designers would have to consider putting in more airscrews or else have 
much larger ones, because the first thing to do was to get the engine firm, so 
that there was less vibration from the engine. The vibration forces increase 
as the square of the speed of revolutions. The airscrews function at present 
as sound transmitters. This was an engine paper, and the author and other 
engine designers were to be sympathised with in the enormous difficulties they 
had to solve in providing a crank plus con.-rod engine of such large power within 
such a very small space so that the slip stream impinging on the engine and 
fuselage did not negative the airscrew thrust. He felt that such relative posi- 
tions of engine and airscrew were equivalent to placing the screw in the bows 
of the conventional ship; perhaps twenty years hence people would be laughing 
because one now put the propellers to blast the engine and wash the fuselage 
with a slipstream having a velocity, say, five times that of the machine itself. 
It is absurd. The flow of air may be likened to a vena contracta in front of 
the screw and an expansion cone to the rear. Atmospheric pressure alone was 
available to feed the airscrew, which should, therefore, pull on larger areas with- 
out such resistances as a fuselage or engine either fore or aft of it. Bluffer 
forms of streamlining for given speeds could result in lighter engines, which, 
when it is realised that their fashionable high mean-effective-pressures cost 
miles per gallon, could open exhausts at lower pressures and temperatures to 
the advantage of exhaust valves and to the requirement of less maintenance 
attention. The medium, unlike steam, does not require ‘‘ compounding.’’ It 
seemed to him that supercharging plus water cooling four-stroke engines made 
practicable the two strokes per cycle engine in lieu of the subject matter of this 
paper. At the same time, for practically identical torque, they eliminated half 
the cylinders, pistons, con.-rods, and all the valves, springs, camshaft, etc. Let 
them cease striving to modify the conventional car engine and realise that super- 
charging plus water-cooling (if warfare wise) make practical the obsolescence of 
the four strokes per cycle engine. 

Mr. Bramson: Is the general conception that the solid injection engine is 
inherently heavier than the four-stroke Otto cycle type due to the fact that the 
ratio of maximum to mean pressures is higher? He took it that in the case 
of the two-stroke solid injection engine that would be amply counter-balanced 
by the fact that power was obtained from every other stroke instead of every 
fourth stroke. In that connection he had heard that if they could produce a 
compound or two-stage expansion Diesel engine then they could have one small 
cylinder with high pressure and a good ratio of mean to maximum pressure, and 
one larger low-pressure cylinder with a similarly good ratio. He would like to 
know whether that was a fruitful subject for investigation. 

The other point he had noted might appear to be irrelevant, but he did not 
think it really was. A great deal of trouble was being taken to reduce fuel con- 
sumption on aero engines with a view to reducing the total quantity of fuel to 
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be carried. Almost every pilot would agree that with the present available 
types of petrol level indicators, nobody was ever prepared really to go to the 
limit and use up all the fuel carried, so that they got the curiously paradoxical 
situation that they are probably carrying, say, a 10 or 20 per cent. greater load 
of fuel than they are actually prepared to use. It seemed, therefore, that a 
really good, reliable, petrol level indicator would have an effect corresponding 
to a reduction of fuel consumption by that percentage. 


Mr. R. L. Howarp-FLanpers : Evaporative cooling was worked out by M. 
Levavaseur on the Antoinette machine 26 years ago and was fairly sat isfactory. 
The engine was not so satisfactory as it might have been, but that was not due 
to cooling. Similarly, forced induction intakes were used on racing cars at 
Brooklands in 1909, whilst a supercharger for boosting was worked out on an 
experimental engine in 1917 

Mr. G. Roescu: In the Napier-Lion engine the author had the crankshaft 
mounted on roller bearings, and on the latest R engine the main bearings were 
plain bearings, It seemed to him that by using roller bearings on the main 
bearings the big end load might be reduced, and he would like to know why 
the author had decided on plain bearings in this case. 


Mr. CLark: Could the author say what he thought would be the determina- 
tion of the possible length of the cylinder on future aero engines as that ap- 
peared now to be the only possible way of getting more power. In 1927 Junker, 
in his Paris lecture, said that the highest available piston speed that would be 
obtained would be 3,300ft. per minute. As a previous speaker had said that 
the revolutions of the R engine were approximately 3,000, that put up the piston 
speed to 3,gooft. per minute. At 3,gooft. per minute the choke gave a velocity 
of 3,936ft. per second, and that meant that the R engine at .45 lbs. per B.H.P., 
if two chokes were used, must have been using something like 900 c.c. jets for 
each carburettor. This brought him to the question of vibration, which, of 
course, was due to the M.E.P. In the case of the R engine this is 206 maximum, 
and the next step was the use of compression pressures for useful work. 


The Cnuatrman: Had Mr. Rowledge considered the possibility of using a 
composite engine with ethylene-glycol cooled heads and air-cooled barrels, or 
did he consider the difficulties of making the necessary joints insuperable? Again 
in relation to the air-cooled engine development referred to by Major Green, it 
was interesting to note that the American Navy Department, which had been 
using air-cooled engines very extensively indeed, in fact, almost exclusively, 
were now turning over—experimentally, at least—to the ethylene-glycol cooled 
engine, and they had issued various instructions to manufacturers of air-cooled 
engines asking them to devote their attention to experiments in connection with 
that type. Another point that the author had referred to was torsional reson- 
ance, and he would like to know if the author had had extensive experience of 
that trouble in connection with any engine on the design of which he has been 
engaged, and whether he had considered the use of the spring type of hub for 
getting over that trouble. Another point already mentioned was the variable 
pitch airscrew. He felt the author was rather hard on that and might give it 
fuller marks than he actually did in the paper. He thought it was a line of 
development that was very well worth while proceeding with farther than it had 
gone to-day. In connection with the compression ignition engine, had the author 
considered the type of engine that had been developed by Hesselman in Sweden 
which, although not a compression ignition engine, efficiently consumed gas oil 
or Diesel oil, and therefore got over the fire risk, which was one of the great 
points in connection with aircraft. He also joined with Mr. Pye in his urge 
for further development of the Burt engine, which was introduced some 16 years 
ago but had advanced so little, yet appeared to have on paper substantial advan- 
tages which Mr. Pye had related in such a convincing manner. 
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REPLY TO DISCUSSION 


The work of the designer was to produce the best design and not to do 
original work, and individually they could not do much. Particularly was that 
the case with regard to the Schneider Trophy job. He was merely one of the mem- 
bers of the team and had been chosen to receive their thanks, but he felt he 
must pass on a very large part of them to other people. He was sorry Mr. 
Royce was not able to be present, because he would like everybody to realise 
Mr. Royce’s keen interest and the amount of hard work he did. Then there 
were other members of the team, in fact, a large number of them, whom he 
would like to mention. Mr, Ellor developed the air intakes, and all the other 
people on the job were necessary for success. 

With regard to the various points that had been raised in the discussion, 
he would say that all firms owe a great debt of gratitude to the Air Ministry. 
If they had not their help he doubted whether they could carry on. 

He thought Major Bulman was unnecessarily pessimistic about rough 
running and freezing. ‘They were troubles, and always would have to be guarded 
against. They were much better now than they used to be and they would get 
gradually better. We ought to know how to get rid of freezing completely. 

Vibration in high speed machinery was mentioned by Mr. Chorlton, ‘They 
had to keep clear of it as much as they could in the main design, and if they 
could not make a design in which they could keep clear of the worst of the 
harmonics they had to put on dampers of some kind or other to absorb the vibra- 
tions. A torsional damper had been used on Rolls-Royce cars for a number 
of years. He did not think he could say very much about supercharging with 
compression ignition, but he felt sure it would come into use. He was quite 
convinced and agreed that harder surfaces were going to help very much in 
developing high speed engines for commercial work, Mr. Chorlton had men- 
tioned that special cylinders were necessary for ethylene-glycol cooling, but it 
all depended on how good the cylinder was. If it were a good one it would 
work with ethylene-glycol. The cylinders on the RR engines had worked satis- 
factorily with ethylene-glycol, and they would work with the water boiling con- 
tinuously. 

It was stated by Major Green that evaporative cooling did not give a 
constant temperature. That is so, but it gives something that is so nearly 
constant that for this purpose it is near enough, 

As to Mr. Taylor’s remark whether he included the weight of water, he 
did not. 

It has been suggested by Mr, Pye that more should have been said about 
their troubles, but one rather forgot one’s troubles when the job was over, and 
one was also rather pleased to forget many of them, although the period was 
not an unhappy one. As a competitor the worst of the poppet valve engine 
was that they always seemed to be getting a little better poppet valves. He 
had many times thought the poppet valve engine was dead, but every time it 
came up smiling again, and they got either a better shape valve or a better 
material. He thought this time they had got to the end of it, but they had 
again found a better material, When he said a lower combustion wall space 
temperature he meant lower than with ethylene-glycol. The latter requires to 
work at increased temperature if it is to show any advantage over water. All 
the recent American work that he had seen using ethylene-glycol was using a 
very high percentage of ethyl fluid, a doped fuel, and* he did not think they 
would be able to obtain the results claimed without using that. It was a very 
heavily doped fuel, and everything seemed to lead to the conclusion that with 
standard fuel evaporative cooling gave a fairly good temperature difference be- 
tween the atmosphere and the cooling surface, and they could go nearer than 
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with ordinary water cooling. With evaporative cooling, from the efigine point 
of view, increase from somewhere about 80°C, to 100°C. did not affect the 
running of the engine, that is, the formation of steam bubbles takes the heat 
away so rapidly there is no increase in wal] temperature. It was mentioned 
by Mr. Flanders that evaporative cooling had been used some years ago, and 
he himself remembered seeing it on the Antoinette engines. With regard to 
intakes, most people who had tried to obtain forced induction by air intakes had 
too large a trumpet and that placed the wrong end forward. : They could not 
do any good unless the speed of the machine was greater than the air speed in 
the intake. 

He was asked by Major Barlow what he hoped to get in the way of fuel 
consumption. He thought that if they could get suitably doped fuels they should 
be able to get the same consumption from petrol engines as from compression 
ignition engines. 

It was asked whether the weight of the compression ignition engine was 
due to the ratio between the maximum and mean pressures. It was largely 
due to the low M.E.P. obtained at present. When higher mean effective pres- 
sures could be obtained and higher piston speeds, then they should be able to 
reduce the weights very considerably. 

The exhaust driven blower had received support from some speakers, and 
perhaps rightly, because it was a pity to see all that heat going to waste. Sooner 
or later this waste must receive attention, 
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Aircraft Design 
Pressure Distribution Tests on a Series of Biplane Wing Models. Effects of 
Changes in Various Combinations of Stagger, Gap, Sweepback and 
Decalage, Parts I, I] and III. (M. Knight and R. Noyes, N.A.C.A. 
Technical Notes, Nos. 310, 325 and 330.) (5.1/12301 U.S.A.) 
(Norr.—Decalage= mutual incidence of biplane wings or the difference of 
wing setting.) 
Part I, No. 310, July, 1929. 
Two equal parallel wings without decalage were tested :— 
(1) The gap/chord ratio was unity and ihe stagger was varied from — 25 
per cent. chord to +75 per cent. chord. 
(2) The stagger was zero and the gap/chord ratio was varied from 50 per 
cent. chord to 150 per cent. chord. 
Part II, No. 325, October, 1929. 
With gap/chord unity and zero stagger, dihedral, sweepback and over- 
hang :— 
(1) The decalage was varied from —6° to +6°. 
(2) With zero decalage, etc., the dihedral was varied from zero for both 
wings to + 3° for either wing. 
(3) The sweepback was varied from zero for both wings to 5° and 10° for 
either wing. 
(4) The span ratio (overhang) of lower/upper wing was varied from i. 


5 
to 1.00, 0.80 and 0.60. 

The incidence on each test was varied from —8° to go°. 
Part III, No. 330, December, 1929. 

The following variations were applied :— 


Stagger/chord +.50 tO —.50 

Mutual incidence (decalage) 


to io 


Sweepback 
These were combined in pairs. The incidence was varied up to go° for use 
in stalled flight and spin. The results are exhibited graphically. 
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The Torsional Strength of Wings. (C. P. Burgess, N.A.C.A. Report No. 392, 
December, 1929.) (5.21/12302 U.S.A.) 

Author’s Summary :—A simple method for calculating the position of the 
elastic axis of a wing structure having any number of spars is described. It 
is shown that strong drag bracing near the top and bottom of a wing greatly 
increases the torsional strength. An analytical procedure for finding the con- 
tribution of the drag bracing to the torsional strength and stiffness is des- 
cribed, based upon the principle of least work, and involving only one unknown 
quantity. The validity of the new method of analysis is tested by applying it 
to a two-fifths scale model of the large steel tubular 3-spar wing of the Huff- 
Daland NHB monoplane. The calculated stresses are checked by comparison 
with the strains observed by means of electric telemeter strain gauges secured 
to the spars during sand load tests in the static testing laboratory of the Army 
Air Service Engineering Division at Dayton, Ohio. 

Calculation of Wings under Torsion. (L. Virmoux, Rev. Gen. de l’Aer., Vol. 
X, 1929, pp. 115-138.) (5.21/12303 France.) 


Two wing spars connected by ribs are considered under arbitrary systems 


of load forces. The method of least work is applied to determine the other- 
wise indeterminate stresses. The resulting integrals are evaluated graphically 
and the stresses determined in a numerical example. In the forward spar the 


shear is reduced 42 per cent. and the bending moment by 63 per cent., but a 
torsional moment is produced equal to about 1/3rd of the maximum bending 
moment. In the rear spar the shear is reduced by 33 per cent. and the bending 
moment by 49 per cent., but a torsional moment is produced equal to about 1/6th 


of the maximum bending moment. 


Calculation of Cantilever Wings. (IK. Friedrichs and Th. Karman, Z.A.M.M., 
Vol. IX, Part 4, August, 1929, pp. 261-269.) (5.214/12304 Germany.) 

1. The spars and ribs may be considered as a statically indeterminate system, 
and the stress strain relations determined by the method of least strain energy, 
or the ribs may be replaced by a continuous connecting sheet and a differential 
equation constructed for the required relations. 

When the spar section is constant or varies according to a simple relation 
the second method is simpler, otherwise it has no advantage. The limited object 
of the paper is to show that the former method can be solved step by step after 
the manner of Clapeyron’s method for continuous beams. 

2. Clapeyron’s equation of three moments is formulated and integrated to 
give deflections. 

3. The strain energy is expressed in terms of the moments and differentiated 
to give Clapeyron’s equation of three moments. 

4. Neglecting the torsion of the ribs themselves, a corresponding expression 
for the strain energy of a wing frame is obtained and differentiated to give the 
equation of bending moments. 

5. Simple geometrical interpretations are given in terms of the torsional 
strain of the. spars. 

6. When the ratios of the moments of the spar sections is constant the 
expression may be simplified. 

The ‘‘ elastic axis ’’ is defined, and used to simplify the integral expressions 
for strain energy. 

7. To take account of the ribs, expressions for jumps in the spar bending 
moments and for the strain energy of the ribs must be introduced. 

8. A generalisation for more than two spars is suggested. 

g. The equations of three moments now give a recursion series in which 
three unknown moments enter at a time and can be determined by steps. An 
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example arrives at an expression for torsion in agreement with a result obtained 
by the alternative method. 

10. A worked-out numerical example with variable spars is compared with 
measured torsion observed at Aachen Aerodynamical Laboratory. The mean 
values agree closely, the individual values for each spar less closely on account 
of simplifying assumptions. 


Structural Strength of Aeroplanes. (A. S.Niles, S.A.E. Jnl, Vol. XXVI, No. 2, 
February, 1930, p. 226.) (5.26/12305 U.S.A.) 

Recent criticisms of the U.S, standards of structural strength in aeroplanes 
are discussed. Loads actually recorded in flight for 18 different machines in 
16 different positions are tabulated. A combination of stress calculations and 
sand loads is recommended for load factor determinations. 


Landing Impact on Seaplane Floats. (Th. v. Karman (translated), N.A.C.A, 
Tech. Note 321, October, 1929.) (5.27/12306 Germany.) 

An increase of effective mass on striking the water is assumed on the basis 
of the impulsive setting in motion of a long flat plate in mathematical hydro- 
dynamics. Half this value is taken as estimating the increase of effective mass 
at a free surface. The normal velocity is obtained from the vertical rate of 
descent and the taper of the float. 

Equating moments before and after impact an expression is obtained for 
the impulsive pressure which increases with the square of the velocity of impact, 
from which the value of 0.5 atmospheres for 3.4 m/s may be calculated. 

This figure was obtained by direct pressure measurements for a speed esti- 
mated at from 3.3 to 4.1 m/s so that the order of agreement is fair. 


Effect of a Circular Hole on the Stress Distribution in a Beam under Uniform 
Bending Moment. (Z. Tuzi, Phil. Mag., Vol. IX, No. 56, February, 
1930, pp. 210-224.) (5.29/12307 Great Britain.) 

A new material, Phenolite, stated to be optically five times more sensitive 
than xylonite, was used to study experimentally the stresses round a circular 
hole in a plate under uniform bending moment. A brief mathematical solution 
of the problem is worked out, and sufficient numerical figures were computed 
for comparison with experiment, The experimental results are given in diagrams, 
and a comparison with mathematical theory in a table, Six very clear photo- 
elastic photographs are reproduced. 


The Progress of Aerodynamic Research in 1929. (FE. Relf, Aircraft Eng., Vol. 
II, No. 11, January, 1930, pp. 5-6.)  (5-3/12308 Great Britain.) 

A brief survey is given of work of interest done in the past year. It is 
stated that the results of the Schneider Cup competition machines and_ the 
aerodynamical results of the R.100 and R.1ot were predicted with satisfactory 
accuracy by wind tunnel work, 


Sailing Ships and Acroplanes. (Capitaine de Vaisseau Changeux, Rev. F. Aer., 
No. 4, Nov., 1929, p. 467.) (§.3/12309 France.) 
An elementary account of the reactions on the sails and keel of a ship is 
given, and the possible application of wing forms to sails is discussed, 


On the Evaluation of the Polar Curves of an Aircraft in Flight. (Huguenard, 
Magnan and Sainte-Lagué, Bul. Tech., No. 62, October, 1929.)  (5.3/12310 
France.) 

The aeroplane is photographed in flight by a cinema camera with a grating 
of known dimensions in the plane of vision, Allowance for wind is made by 


606 ABSTRACTS FROM SCIENTIFIC AND TECHNICAL PRESS 


smoke emitted by the aircraft. The effect of airscrew interference is allowed 
for by a system of Venturi-tubes arranged in the slip stream. During the experi- 
ments a flight of swallows was photographed. Their apparent eliding ratio was 
about 19, that of the aeroplane being 5.1. 


Collection of Wind Tunnel Data on Commonly Used Wing Sections. (F. A. 
Louden, N.A.C.A. Report No. 331, January, 1930.) (5.31/12311 U.S.A.) 

This report was prepared at the request of the N.A.C.A. in the Bureau of 
Aeronautics of the Navy Department in order to group in a uniform manner the 
aerodynamic properties of commonly used wing sections as determined from tests 
in various wind tunnels. 

The data have been collected from reports of a number of laboratories, in- 
cluding :—Large wind tunnel, Géttingen Laboratory; variable density wind 
tunnel, Langley Memorial Aeron, Laboratory; 7$ft. wind tunnel, Massachusetts 
Institute of Technology ; 5ft. wind tunnel, McCook Ficld; 8-by-8ft. wind tunnel, 
Washington Navy Yard. 

Where necessary, transformation has been made to non-dimensional coefli- 
cients and tunnel wall interference corrections have been applied. Tables and 
graphs present the data in the various forms useful to the engineer in the selec- 
tion of a wing section, 


Tests of Large Airfoils in the Propeller Research Tunnel, including Two with 
Corrugated Surfaces. (D. H. Wood, N.A.C.A. Report No. 336, 1/1/30.) 
(5.31/12312 U.S.A.) 

Author’s Summary :—-This report gives the results of the tests of seven 
2-by-r2ft. airfoils (Clark Y, smooth and corrugated, Géttingen 398, N.A.C.A. 
M-6, and N.A.C.A. 84). The tests were made in the Propeller Research Tunnel 
of the National Advisory Committee for Aeronautics at Reynolds Numbers up 
to 2,000,000, The Clark Y airfoil was tested with three degrees of surface smooth- 
ness. 

The effect of small variations of smoothness of an airfoil is shown to be 
negligible. Corrugating the surface causes a flattening of the lift curve at the 
stalling point and an increase in drag at small flying angles. 


Aerodynamics of Tapcring Wings. (Fd. Amstutz, Acro Rev., Vol. V, No. 2, 
Feb., 1930, pp. 31-33-)  (5.31/12313 Switzerland.) 
The tapering wing construction has the advantage of yielding a wing root 
of considerable strength but increases longitudinal moments and drag. 


Aerodynamics of Acroplane Wings. (TF. Carafoli, Rev. Gen. de l’Aer., No. 10, 
1929, pp. 1-112.) (§.31/12314 France.) 

Starting with the equation of hydrodynamics of a perfect fluid, the author 
develops systematically the hydrodynamical methods required later. He then 
discusses Joukowskv’s method and its elaborations by Blasius, Munk, v. Mises, 
v. Karman, and others. He develops the theory of the velocity and pressure 
fields round a rotating wing for a perfect fluid but introduces a ‘‘ correcting 
factor ’’? for applications. He then discusses the Lanchester-Prandtl theory of 
‘“‘ fixed ’? and trailing vortices. The method of images is discussed with appli- 
cations to interference of walls, etc., on the flow round lifting wings, but with- 
out reference to the recent complete solutions obtained by English, French and 
Japanese writers. 

The article is an excellent statement of application of hydrodynamical theory 
to aeronautics. 
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Pressure Distribution on a Slotted R.A.F. 31 Aerofoil in Variable Density Tunnel. 
(E. N. Jacobs, N.A.C.A. Tech. Note No. 308, June, 1929.)  (5-313/12315 
U.S.A.) 

Measurements were made at one atmosphere and at twenty atmospheres, 
the latter being considered less accurate. The respective curves are plotted in 
broken and full line exhibiting scale effects. 

In particular the sharp peak in the lift curve is flattened out at full scale 
Reynolds numbers. 


Distribution of Pressure on Acrofoils with Trailing Flaps. (OQ. Loeser, N.A.C.A. 
Tech. Note No. 326, Oct., 1929.) (5.313/12316 U.S.A.) 

The incidence, flap and setting angle were varied separately and normal 
forces, centre of pressure, and hinge moments were measured, the latter some- 
what roughly (+ 15 per cent.). 

A large mass of results is given graphically, 


Experiments on Autorotation of an Aerofoil. (S. Ober, N.A.C.A. Tech. Note 
! 
No. 319, Sept., 1929.) (5.315/12317 U.S.A.) 
Measurements were made on three rectangular aerofoils, an 18in. x 3in, Clark 
Y of wood, an 18in. x 3in. Clark Y of duralumin with adjustable sweepback, and 
an aerofoil of wood with 30° sweepback 3in, chord (normal to edge) and variable 
span. 
As the sweepback varies from 0° to 50° the autorotation decreases and dies 
out slowly at the latter angle. 
The incidence increased up to 50° or 60°, after which autorotation ceased. 
At go® a different type altogether set in, and is called windmill autorotation ; but 
one blade is travelling backwards. 
The results as a whole are given in a series of graphical representations. 


The Generation of Sea Waves in Ship-Model Kaperiments. (G. Kempf and H. 
Hoppe, Werft. 10, 192-196 (Eng. Abstr. No. go, July, 1929, p. 162).) 
(5.32/12318 Germany.) 

The Hamburg ship tank has recently been fitted with an artificial wave 
maker, for the study of the effect of waves on resistance and for measurements 
of pitching, rolling and heaving. The resistance depended on the size of the 
wave, and, in certain cases, the increase was 20 per cent. 


Model Experiments on the Maier Ship Form, (H. Kloess, Werft. 10, 97 (Eng. 
Abstr. No. go, July, 1929, p. 163).) (5.32/12319 Germany.) 
The Maier hull form has a triangular run and entrance transverse sections, 
a cut-away entrance and run and a defined locus of the centroid of semi-transverse 
sections. In tests of two models of identical principal dimensions the Maier 
form had 18 per cent. less resistance. Similar advantages were found in a design 
for shallow water navigation, 


Ship Wake and the Frictional Belt. (G. S. Baker, N.E.C. Inst. Eng. and Sh. 
Trans:, Vol. Pt. 2, ps 149.) Great 
Britain.) 

Author’s Summary :—The first part of the paper gives the details of the 
wake of a plank with both smooth and rough surfaces. These are compared 
with various other results. The extension of these results to the estimation of 
ship wake is considered, first as regards the width of wake belt and its ‘ rubbing ”’ 
or gliding velocity against the hull, and secondly as regards the effect of ‘‘ form ”’ 
on the wake belt. The second part of the paper deals with wake measurements 
made on two vessels. Details are given of the pitot tubes used in these tests 
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and of the results obtained in the first case on the ‘‘ Snaefell’’ at a Reynolds 
number of 5.0 x 10° and in the second case on the ‘‘ Ashworth” at a Reynolds 
number of 4.3x 10°. The test results on the former are compared with those 
obtained on a model 1/18 full size at its corresponding speed. Formule for 
width of wake belt and for the distribution of velocity in the belt are given, and 
the general effect of roughness is discussed. As the work is still proceeding 
only the more obvious conclusions are given, 

The discussion is continued (Part 3, p. 141) in terms of the turbulent boundary 
layer, and the figures are quoted from marine practice. Width of boundary layer 
along the ship’s side is given as 50 cms. from the U.S.A. investigation and 2 
metres from the German investigation, The influence of aerodynamical research 
in naval architecture is marked. 


The Influence of Impeller Blade Nose Form on Cavitation in Centrifugal Pumps. 
(H. Potter, Z.A.M.M. 9, 84-101 (Eng. Abstr. No. 40, July, 1929, p. 143).) 
(5.32/12321 Germany.) 


Cavitation is influenced not only by the shape of the nose but also by that 


of the shoulders and of the blades. The influence of neighbouring blades is 
slight. Fluctuations in flow may cause appreciable increase of local suction 


and thus of cavitational erosion. 


Flow with Velocity Potential through a Lattice of Blades with Arbitrary Profiles, 
at Rest or in Motion. (W. Spannhake and W. Barth, Z.A.M.M., Vol. 
IX, Pt. 6, December, 1929, pp. 466-480.)  (5.32/12322 Germany.) 
Previous writers have contented themselves with linear blades (Kutta, Konig, 
Spannhake) or logarithmic spiral blades (Sorensen, Schulz, Busemann) which lend 
themselves to conformal transformation, In the present paper a method of build- 
ing up the flow round a set of blades of any form is developed by distributions 
of sources and sinks, by successive approximations. 


Discharge Coefficients of Nozzles and Orifices in Thin Plates. (R. Witte, 
Z.V.D.1., Vol. LXXIV, No. 2, 11/1/30, p. 47.) (5.32/12323 Germany.) 

The discharge coefficients of throttle plates for various ratios for diameter 
of hole to tube showed considerable variation at small Reynolds numbers. The 
standard nozzle showed similar variations. |More consistent nozzle results can 
be obtained by suppressing the cylindrical portion, Small variations in the type 
edge of the orifice affected the results. At high Reynolds numbers these varia- 
tions disappear and both meters are considered to be accurate within $ to 1 per 
cent. if the conditions of steady flow are not disturbed. A straight entry of 15 
diameters generally produces steady flow. Honeycombs in the pipe circuit are 
not considered advisable. 


D.V.L. (German) Full-Scale Experiments; the Heinkel H.D. 44 and the Albatros 
L.. 79 “* Kobold.’ (Aire. Eng., Vol. 11, No. 11, January, 1930, p- 20.) 
(5.322/12324 Germany.) 

Some details are given of these aeroplanes, of which the first is designed 
for carrying different engines, and the second for the study of symmetrical wing 
profiles. 


Flow through Pipe Orifices at Low Reynolds Numbers. Johansen, F.C., Proc. 
Rov. Soc., Vol. CXXVI, No. A.801, pp. 231-245.) (5.325/12325 Great 
Britain.) 

A visual study of a fluid flowing through a circular opening in a diaphragm 
in a pipe for Reynolds numbers varying from 30 to 2,000. The configuration 
of flow passes steadily from laminar through sinuous and regularly periodic to 
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turbulent flow. Four apertures were used each of which gives a unicursal curve 
throughout the whole range. 


Discharge Coefficients for Standard Nozzles and Orifices for Pipes with Diameters 
Ranging from 100 to 1,000 mms. (M. Jacob and IF. Kretzschmer, 
Forschungsarbeiten, No. 311, 35 pp. (Eng. Abstr. No. 39, April, 1929, 
p- 16).) (5.325/12326 Germany.) 

The coefficient of the nozzle was found to increase with the value of the 
Reynolds number measured at the throat of the nozzle. Between R=100,coo and 
R=1,000,000 the coeflicient is found to change from .96 to .g9 with an accuracy 
of + 1 per cent. For an orifice in a pipe the discharge coefficient depended both 
on Reynolds number and on pipe diameter, the accuracy being +2 per cent. 
Extrapolation may be permissible from results at Reynolds numbers exceeding 
1,000,000 but not from low values of R, as the type of flow appears to change. 


Measuring the Flow of Steam by Calibrated Nozzles and Especially by Orifices 
with Narrow Edges. (LL. Kohler, Soc. Ind. Mul. 94, 667-699 (Eng. Abstr. 
No. 39, April, 1929, p. 17)-) (5.325/12327 Germany.) 

For accurate metering of steam a specially shaped orifice with a narrow 
edge of not more than 1/s5oth of its diameter is recommended. With strict 
attention to dynamic similarity the discharge coefficients obtained under a set 
of standard conditions can be used over wide limits. An accuracy of .5 per cent. 
is claimed. 


Determination of Coefficient of Friction in Leng Distance Gas Leads. (E. 
Guman, V.D.I., Vol. LXXIV, N. 4, 25/1/30, pp. 107-110.)  (5§.325/12328 
Germany.) 

Experiments were carried out on a concrete pipe roin, in diameter and 
approximately 30 miles long. For Reynolds numbers between 10° and 1.5 x 10° 
the coefficient of friction was approximately 1.05. The results agree fairly well 
with a calculated figure for methane. : 


Airflow through Suction Valve of Conical Seat. (IK. Tanaka, Aeron. Res. Inst., 
Tokyo, Reports Nos. 50 and 51, Oct., 1929.) (5.325/12329 Japan.) 

The author selects four different types of flow. At the same time measure- 
ments were made of air velocities as functions of pressure drop and of valve 
lift. The results are given both in tables and graphically. The effects of 
changing the form of valve and rounding off the corners are also discussed. 
Values calculated approximately on the assumption of adiabatic efflux, taking 
equal effluxes to calculated pressure heads, are somewhat lower than the observed 
ones. 

In Part 2 the methods of conformal transformation are applied to obtain 
calculated values of efflux for a given head under various conditions as to shape 
of orifice, channel walls, ete. These involve elliptic functions in general, Four 
cases are worked corresponding to the four types of flow mentioned in Part 1 
and further types of flow are suggested. The calculated results are tabulated 
for comparison with the experimental results. ‘The third type of flow is the 
simplest and a diagram shows close agreement between calculation and experi- 
ment. In the second and third types of flow the discrepancies are more con- 
siderable and somewhat erratic. In the second type of flow the agreement seems 
less convincing but it is not unsatisfactory. In the first type of flow the same 
remarks apply. In case 4 the order of the discrepancies appears to lie between 
that of case 3 and those of cases 1 and 2. 

Seventy excellent photographs exhibiting the configuration of flow through 
valves with conical seats are reproduced. 
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Variable Flow in Pipes. (H. Bateman, Phys. Rev., Vol. XXXV, No. 2, 15/1/30, 
pp. 177-183.) (5.325/12330 U.S.A.) 
Brief general reference is made to previous work on the flow of a viscous 
fluid in pipes and channels. 
For long channels or pipes (neglecting end effect and assuming laminar flow) 
solutions are offered as definite integrals for particular assumptions as to time— 
variable pressure gradient along the axis. 


Water Pressure Distribution upon a Seaplane Float. (F. L. Thompson, 
N.A.C.A. Report, No. 290, 1928.) (5.34/1233r U.S.A.) 

The apparatus for measuring the pressure consists of a series of pistons of 
unequal external and equal internal areas. The latter are subjected to equal 
pneumatic pressure adjusted so that increasing water pressure will move the 
pistons successively. The number of pistons displaced at any instant is indicated 
by electric transmission. 


Gearing of Aircraft Propellers. (YT. P. Wright and R. E. Johnson, S.A.E., Vol. 
XXV, No. 6, Dec., 1929, pp. 667-672.) (5.451/12332 U.S.A.) 
The authors discuss the advantages and disadvantages of reduction of 
gearing between engine crankshaft and propeller hub. 


Snow-Landing Carriage. (Aviation, Vol. XXVIII, No. 2, 11/1/30, p. 74.) 
(5-5/12333 U.S.A.) 
A photograph is given of a combination of wheels and short flat skids for 
landing on snow. 


American Civil Aviation Machines. (K. H. Ruhl, Z.V.D.1., No. 45, 9/11/20, 
pp. 1603-1608.) (5.6/12334 Germany.) 

American civil aviation on the large scale is the product of the last two 
years, when a change over from post, freight and occasional passenger traffic 
to whole time passenger traffic occurred. The article describes the most impor- 
tant types of American aircraft. Both monoplanes and biplanes are built. The 
characteristic of the American design is the general use of chrome-molybdenum 
steel for fuselage, the tubular members being generally weided. For the rest 
of the structure a mixture of light alloy and wood is employed. The air-cooled 
engine holds the field at the moment. 


Navigation 
Echo Sounding. (Hydro. Rev. 5, pp. 107-139 (Eng. Abstr., No. 39, April, 1929, 
25).) (6.332/12335 Monaco.) 


The systems of echo sounding are discussed :—(1) Langevin-Florisson, (2) 
Marti, and (3) Behm. The first is of the super-sonic type and details are given 


of the electric emitter, the super-sonic projector and the optical detector in the 
form of a Dubois oscillograph. The Marti system is of the echo type and usually 
employs an electric hammer which strikes the side of the ship and so emits the 
sound wave. The Behm echo sounder described employs the explosion of a 
cartridge under water as the source of sound, the complete instrument weighing 
less than 20 Ibs. 


A Course-Shift Indicator for the Double Modulation Type Radio Beacon. (H. 
Diamond and F. W. Dunmore, Bur. Stan. J. Res., Vol. III], No. 1, July, 

1929, pp. I-11.) (6.35/12336 U.S.A.) 
A description is given of the system instituted by the Bureau of Standards, 
with a diagram of the connections, a photograph of the apparatus and charts 
of records. It is stated that its chief advantage over the reed indicator lies in 
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the extremely sharp indication of course made possible by its use. The dis- 
advantages are those of greater weight, greater signal strength required for 
operation, and greater chance of injury to moving parts. From the point of 
view of freedom from atmospheric disturbances or other interferences the reeds 
are, under constant conditions of use, much preferable, since much sharper tuning 
may be obtained mechanically at the low modulating frequencies employed. 


Surface Heat-Flow Gauge. (A. Blackie, J. Sc. Inst., Vol. VII, No. 1, Jan., 
1930, pp. 7-14.) {6.531/12337 Great Britain.) 

In calculating the loss of heat on the surface a coefficient of emissivity is 
assumed and Stefans’ law is used for radiation loss. A simple empirical formula 
is given for convection loss in the absence of draughts due to external causes. 
The second formula also involves a coefficient which depends on the size, shape 
and position of the surface, and it is difficult to estimate. The instrument des- 
cribed is applied to a portion of the surface, and the flow of heat from surface 
to instrument is measured directly. Both the surface presented to the radiating 
object and the parallel surface presented to the external air are mat-blacked, so 
that when steady conditions are reached the total flow of heat is noticed only to 
the extent of the difference between the mat-black surface and a perfectly black 
body. The somewhat complicated details of the operation and of the necessary 
precautions are described and the result is stated to be within a few per cent. 
of direct calculation from the surface temperatures. 


Relative Visibility of Luminous Flashes from Neon Lamps and from Incandescent 


Lamps with and without Red Filters. (FE. C. Breckenridge and J. E. 
Nolan, Bur. Stan. J. Res., Vol. III, No. 1, July, 1929, p. 11.) (6.61/1233 


Author’s Summary :—The visibility of light derived from an incandescent 
lamp with a red filter has been tested in comparison with that of light from a 
neon lamp and also with that of a similar incandescent lamp without the filter. 
Especial attention was given to producing beams having similar candle-power 
distributions. The tests include a variety of clear, hazy, rainy, and foggy 
weathers and ranges up to 7 km. The results indicate no advantage in the 
case of the neon lamp and a loss of visibility in all weathers from the use of 
the filter. 


Endurance Tests on Ball Bearings. (O. Féppl, Masch, 8.189 (Eng. Abstr. No. 
40, July, 1929, p. 149).) (6.751/1233G Germany.) 

Three types of ball bearings were tested under direct loads with and without 
axial loads. Two of the bearings were rigid, the third being self-aligning. The 
effect of the load on the life of the bearing was small. The rigid bearing con- 
taining a large number of balls was superior to the self-aligning type. 


Speech Power and its Measurement. (L. J. Sivian, Bell Tel. Lab. B.433, 
November, 1929.) (6.76/12340 U.S.A.) 

A review is given of the various instruments for measuring the intensity 
of sound waves, commencing with the Ravleigh disc and the hot wire micro- 
phone, and other instruments measuring the pressure rather than the energy 
in which they resemble the mechanism of the ear. Preference is expressed for 
an instrument comparatively recently designed in the Bell Laboratory which 
gives oscillograms of the instantaneous pressures throughout the duration of the 
sound. <A similar device has been evolved by the Siemens group in Germany. 
The average flow of energy in an ordinary speaking voice is of the order ‘of 10 
microwatts, the average pressure about 5 bars. 

(Abstractor’s note.—This is the unit of pressure in the C.G.S. system and 
corresponds to one microbar in the inconsistent meteorological usage.) 
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The Measurement of Noise. Experiments Carried Out during the German 

Competition for Engine Silencers. (Prof. Wawrziniok, Autom. Tech. 

Zeit., Vol. XXXII, No. 35, 20/12/29, pp. 832-834.) (6.76/12341 Germany.) 

The noise to be measured is directly compared with the standard noise, the 

two sounds being alternately emitted through a loud speaker placed in a sound 

insulated room. Balance is obtained by reducing the intensity of the reproduc- 

tion of the noise to be measured till the ear can no longer distinguish between 

the two loud speaker notes emitted at regular consecutive intervals. The amount 
of resistance in the circuit measures the intensity. 


Acoustic Wave Filters. (G. W. Stewart and C. W. Sharp, J. of Opt. Soc. Am., 
Vol. XIX, No. 1, July, 1929, pp. 17-28.) (6.76/12342 U.S.A.) 

Author’s Summary :—The simplified theory of Stewart and the less approxi- 
mate theory of Mason are compared with experimental measurements with res- 
pect to the mid-series characteristic acoustic impedance of a high-pass, a low- 
pass and a single-band-pass filters. The comparison is made over a large range 
of frequencies, including a considerable portion of both the attenuation and trans- 
mission regions. There is remarkable agreement between theory and experi- 
ment, considering the approximations that are made in the theories. For the 
low-pass filter there seems to be no appreciable advantage of the more accurate 
theory of Mason. In the other two cases, however, there is a distinct superiority 
for this theory. For purposes of ascertaining cut-offs and the characteristic im- 
pedance for the low-pass filter the simpler theory of Stewart is more readily 
applicable. 


Analysis of Measurement of Noise Emitted by Machinery. B. A. G. Churcher 
and A. J. King, Jrnl. I-E.E., Vol. LXVIII, No. 397, Jan., 1930, pp. 
97-131.) (6.76/12343 Great Britain.) 


Author’s Summary :—The physical magnitudes involved in the measurement 
of the sound set up by a vibrating body are discussed generally, together with 
the characteristics of the ear. The characteristics that should be possessed by 


sound-measuring apparatus intended for use in engineering problems are stated, 
and a brief survey is made of existing types of apparatus. The principle, develop- 
ment and final form of an apparatus, which enables a complete analysis of a 
complex sound to be made, are described, together with the methods employed 
to verify the accuracy. <A special laboratory which has been set up for acoustical 
work is described. Some sound-test results on engineering apparatus are given 
as examples. 


Measuring Apparatus. (J. Zahradnicek, Phys. Zeit., Vol. XXX, No. 24, 
15/12/29, p. 925.) (6.95/12344 Germany.) 

Two instruments are described, with illustrations; the first a new extenso- 

meter, and the second an instrument for measuring the thermal expansion of rods. 


Instruments: Exhibition of the Physical and Optical Society. (J. Se. Inst., 
Voi. VIII, No. 2, February, 1930, pp. 49-76.) (6.95/12345 Great Britain.) 
An extensive report is given of the principal exhibits. 
Guggenheim Competition. (U.S. Air Services Mag., Vol. XXV, No. 2, 
February, 1930, p. 43.) (7.0/12346 U.S.A.) 
The first prize in this competition has been awarded to the Curtiss Aero- 
plane Co. A descriptive account is given with a dimensioned diagram, and a 
photograph showing the automatic slot open, and the weathercock ailerons. 
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Kinematographic Measurement of the Motion of an Albatross L.68 Aeroplane 
in a Spin. (W. Hiibner and W. Plaines, Z.F.M., No. 30 (Eng. Abstr., 
No. 39, April, 1929, p. 186).)  (7-14/12347 Germany.) 
The spins were carried out vertically above the camera at low altitudes. 
Full details of the method of analysis are given. For the particular aeroplane 
chosen (L.68) the spin was steady at an angle of incidence of 38°. 


Aircraft Engines 
The Development of the Aero Engine. (Report at General Meeting of D.V.L., 
Z.V.D.1., Vol. LXXIII, No. 52, 27/12/29, pp. 1863-1864.) (8.0/12348 
Germany.) 
The following papers were presented : 
1. The development of the aero engine, 
2. The influence of engine weight on performance. 
3. Crankshaft oscillation. 
4. Thermodynamic development, 
+5. Laboratory installations. 

The development of aero engines during recent years has been in the direc- 
tion of increased performance per litre of stroke volume, the weight per litre not 
changing materially, with consequent decrease of reliability. It is recommended 
that engines should be run for type reliability tests under high overload on the 
basis of which a guarantee of minimum life at a definite fraction of the test load 
might be possible. The ratio, test load/normal load, would correspond to the 
structural factor of safety of an aircraft. 


Investigation of (Torsional) Oscillations in ihe Engines of the ‘* Graf Zeppelin.” 
(145th Report of D.V.L., W. Kamm and A. Stieglitz, Z.F.M., Vol. XX, 
No. 18, 28/9/29, pp. 465-474.) (8.22/12349 Germany.) 

The ‘‘ Graf Zeppelin’? was equipped with 5 Maybach engines, type VL-2, 
12 cyl., 550 h.p., 1,600 r.p.m. On 16th May, 1929, the airship started on a 
flight to U.S.A. Within 30 hours 4 out of 5 engines broke down, through 
fracture of the engine shaft or of the clamps fixing the balance masses to the 
shaft. All the fractures had the characteristics of fatigue failure. The engine 
which remained in service (36 hours) developed a crack in the balance-mass 
clamp on further test at a total of 52 hours, while the other four engines had 
run from 350 hours to 450 hours on previous tests. The only change in the 
conditions was an increase in the tension of the springs in the spring coupling. 
A previous abstract (No. 11741, Issue No, 12) referred to the carrying out of 
stress investigations. The present article gives additional data and torque dia- 
grams. In particular the effect of altering the spring tension in the spring 
coupling is exhibited. With the particular tension used in the unsuccessful 
flight, the maximum torque reached 4oo m.k.g. at 1,375 r-p.m., whereas with 
the previous setting the maximum was 240 m.k.g. at the same r.p.m., and with 
the setting since adopted the maximum is 200 m.k.g. at 1,240 r.p.m. In the 
last case there is indication of a serious rise towards a higher value above 1,600 

r.p.m., which is, however, the maximum service speed. 


Torque Measurements by Magnetisation (Inverse Wiedemann Effect. (T- 
Kobavasi, Report No. 52, Aero. Res. Inst., Tokyo, Imperial University, 
Vol. LV, No. 11, pp. 425-445.) (8.22/12350 Japan.) 
Application of torque to a round mild steel bar carrying an axial electric 
current produces axial magnetisation. 
A diagram shows the arrangement whereby a shaft interposed between engine 
and brake flywheel carries electric current, while a fixed coil enclosing the shaft 
measures the variation of the magnetic flux by an oscillograph. The relation 
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between change of torque and change of flux is calibrated, and the oscillograph 
record yields by integration the torque curve itself. 

Calibration curves and torque diagrams are reproduced. <A _ modification 
of the procedure permits of the use of a.c. current, and an example of a torque 
diagram, thus obtained, is reproduced. Various corrections are discussed. 


Stresses ina Strip with a Circular Hole. (R. C. J. Howland, Phil. Trans. Roy. 
Soc. A.229, 6/1/30, pp. 49-85.) (8.24/12351 Great Britain.) 

A series of biharmonic stress functions is defined, the first of which gives 
zero stress at the hole and residual stresses at the edge, the second removes the 
residual stresses at the edge, but introduces residual stresses at the hole and 
so on alternately. Numerical results are computed and tabulated and are com- 
pared with Coker’s experimental results by the stress optical methods, 

The calculated maximum stresses are, in general, higher than those given 
by stress optical methods. 


352 Germany.) 


Torsion of Round Shafts of Variable Diameter. R. Sonntag 

1-22 (Eng. Abstr. No. 40, July, 1929, p. 117).) (8.22/12 

Approximate solutions for the differential equation determining the stresses 

in twisted shafts are given in terms of simple formula. Consideration is given 
to the effect of sudden changes in diameter. 


Researches on the Piston Ring. (Keikiti Ebihara, Inst. Phys. and Chem. Res., 
Sc. P., No. 182, 79 pp. (Eng. Abstr. No. 40, July, 1929, p. 94).) 
(8.24/12353 Japan.) 

The gas tightness of the ring depends very little upon the number of rings 
fitted, but chiefly on the closeness of the fit between the ring surface and the 
cylinder wall. An instrument is described for determining this fit with great 
accuracy. 


Effect of Fuel on Cylinder Temperatures and Performance of a Cowled Wright 
~ Js Engine. (O. W. Schey, N.A.C.A. Tech. Note No. 328, Nov., 1929.) 
(8.24/12354 U.S.A.) 

Author’s Summary :—Sixty-nine iron-constantan thermo-couples and three re- 
cording pyrometers were used for obtaining measurements of cylinder tempera- 
tures. The test conditions in the tunnel simulated those of full throttle climbing 
on a hot day. All tests were conducted at air speeds of approximately 80 m.p.h. 
Six different sizes of jets, varving from No, 5t to No. 46 drill size, inclusive, 
were used to vary the rate of fuel flow. The cylinder temperatures with the 
leanest mixture were in some cases almost 800°F. Enriching the mixture by 
varying the jet size from No. 51 to No, 46 resulted in a mean reduction of about 
200°F. 


The Effect of Cowling on Cylinder Temperatures and Performance of a Wright 
J.s Engine. (O. W. Schey and A. E. Biermann, N.A.C.A. Report No. 
332, January, 1930.) (8.38/12355 U.S.A.) 

For the cabin fuselage with the N.A.C.A. cowling, which completely en- 
closed the engine and took in all of the cooling air through a 28-inch diameter 
opening in the nose, the drag was reduced 4o per cent. at 1oo miles per hour, 
as compared with the same unit with no cowling on the engine. The mean 
temperatures of the spark-plug boss and the cylinder head were slightly reduced 
for the same test conditions, but the barrel temperatures were increased. 


The Lubrication of Engines. (O. Thornycroft and C. H. Barton, Airc. Eng., 
Vol. Il, No. 12, Feb., 1930, p. 36.) (8.4/12356 Great Britain.) 
The article gives a survey of lubrication as it appears to the chemist. 
Much useful information from practice is given. 
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Friction Coefficient Research. (L. Illmer, S.A.E., Vol. XXVI, No. 1, Jan., 
1930, pp. 67-86.) (8.4/12357 U.S.A.) 

Author’s Abstract :—A comprehensive survey directed towards perfect oil- 
film lubrication. An endeavour is made to correlate empirically the experimental 
results obtained by different investigators and to establish certain underlying 
principles common to all such tests in which the frictional resistance depends 
primarily upon fluid shear. A reasonably reliable but relatively simple method 
for predetermining certain kinds of friction losses has been deduced. 


Carbon Deposits from Lubricating Oils. Experiments with Heavy Duty Engines. 
(C. J. Livingstone and W. A. Gruse, Ind. Eng. Chem., 1929, 21, 904-908, 
cf. B. 1926, 571 (Brit. Chem. Abstr. B, Vol. XLVIII, No. 51, 20/12/29, 
p- 1003).) (8.41/12358 U.S.A.) 

Prolonged road tests of sleeve-valve engines have shown that cleaning of 
the engine ports when lubricated with naphthenic base oils was necessary every 
g,000 miles and with paraftinic oils every 2,000 miles. This is not borne out 
by carbon residue tests. Special tests are described for the suitability of oils 
for sleeve-valve engines. 


Reaction between Lubricating Oils and Phosphorus Pentoxide. (C. C. Furnas, 
Ind. Eng. Chem ‘Anal.), 1929, 1, 185 (Chem. Abstr. and Ind. Supple- 
ment, Vol. XLVII!, No. 52. 27/12/29, p. 1039).) (8.41/12359 U.S.A.) 
Under certain experimental conditions it was found that phosphorus 
pentoxide dust produced a thick gummy deposit when added to lubricating oil 
at a temperature of about 30°C. The addition of water caused the gum to dis- 
appear. 


Technique of Practical Lubrication. (A. Mosser, Petroleum, 1929, 25, Motoren- 
betrieb, 2, No. 12, 3-1¢ (Brit. Chem. Abstr. B, 31/1/30 and 7/2/30, p. 85).) 
(8.41/12360 Germany.) 

Hot running engines give better experimental results with clear cylinder 
oils of low flash point than with dark asphaltic cylinder oils of high flash point. 


The Relation between Physical Characteristics and Lubricating Values of Petro- 
leum Oils. (E. D. Ries, Ind. Eng. Chem. Anal. Ed. 1, 187-91 (1929) 
(Chem. Abstr.. Vol. XXIII. No. 22, 20/11/29, p. 5564).) (8.41/12361 
U.S.A.) 

Paratlin base oils have a smaller decrease of viscosity from 1oo°F, to 210° 
than naphthene base oils. Of the oils tested, vacuum distilled paraffin base oil 
had its viscosity least affected by temperature. 


The Pyrogenation of Mineral Oils. (G. Dixmier, Chimie and Ind. Special No., 
272-4 (Feb., 1929) cf. C.A. 22, 4238 (Chem. Abstr., Vol. XXIII, No. 16, 
1929, p. 4054).) (8.41/12362 France.) 
In oxidation tests it is important that the reaction should not be limited 
to the surface of the oil. To obtain data applicable to engine conditions the 
surface in contact with the oil should be continuously changed. 


The Oxidation of Mineral Oils. (M. van Rysselberge, Chimie and Ind. Special 
No., 275-88 (Feb., 1929) (Chem. Abstr., Vol. XXIII, No. 16, 1929, p. 
4052).) (8.41/12363 France.) 

The work of Moureu has suggested that the oxidation of lubricating oil 
could be affected by the addition of so-called anti-oxygen compounds. It is 
suggested that moderately fine oils receive a certain amount of protection by 
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primary oxidation of the contained resinous compounds. In fully refined oils 
such protection is absent and oxidation will yield free acids. The new line of 
investigation is considered to be of importance, and further report is in hand. 


New Methods of Testing Oils. (B. Marschalko and I. Barna, Intern. Congress 
Testing Materials, 1927, II, 415-27 (Chem. Abstr., Vol. XXIII, No. 16, 
1929, p. 4053).) (8.41/12364 U.S.A.) 
The stability of lubricating oil is determined by heating a thin film of oil 
in oxygen. The carbon dioxide and water formed are absorbed chemically and 
the quantity of oxygen consumed is the measure of the stability. 


Methane. (42nd Meeting of the German Chemical Society, Z.V.D.I., Vol. 
LXXIII, No. 45, 9/11/29, p. 1619.) (8.5/12365 Germany.) 
A method is described for separating methane from coke oven gas, The 
methang is compressed and used as fuel for internal combustion engines, and 
in certain parts of Germany can compete in price with petrol. 


Aircraft and Motor Car Fuels. A Symposium of four Papers. (E. Rackwitz 
and A. Philippovich, D.V.L. Reports Nos. 151-2-3-4, L.F.F., Vol. V, 
Pt. 4, 28/11/29, pp. 157-162.) (8.51/12366 Germany.) 
1. The testing of aircraft fuels in Germany. 
2. Fuel specifications for aircraft and motor cars, 
3. The behaviour of fuels at low temperatures as determining their 
suitability in aircraft. 
4. The sulphur content of fuels and its importance in the running of 
aircraft engines. 


German fuel specifications alone require engine tests in addition to physical 


and chemical tests, but probably other countries will soon follow, Assessment 
of quality may be made by comparison with a standard fuel or by performance 
in a standard engine under specified conditions. As a compromise the German 


fuel specification simply requires that ‘‘ the fuel must function without difficulty 
in an air-cooled Siemens or water-cooled B.M.W. eylinder of 6 compression 
ratio.’’ Sulphur is permitted up to .30 per cent. compared with the British 
limit of .o5 per cent. without undue corrosion. In discussing the stability of 
mixed fuels at low temperatures it appears that German benzol often contains 
traces of water, and to prevent ice formation in petrol-benzol mixtures the addi- 
tion of small quantities of methyl alcohol is recommended. 


Flame Characteristics of Pinking’’ and ‘* Non-Pinking’’ Fuels. .(G. B. 
Maxwell and R. V. Wheeler, J. Inst. Petroleum Tech. 15, 408-15 (1929), 
cf. C.A. 22, 3038 (Chem. Abstr., Vol. XXIII, No. 22, 20/11/29, p. 5566).) 
(8.51/12367 U.S.A.) 

It is concluded that the phenomenon of pinking is due to stationary waves 
set up in front of the initial flame, combined with sufficient residual energy to 
maintain a shock wave in that portion of the medium which has already been 
traversed by the flame. Turbulence prevents detonation both by accelerating 
the combustion behind the flame and by preventing the formation of stationary 
waves in front of the flame. Dopes, such as tetraethyl lead, act by reducing 
the amount of residual energy and rendering the combustion continuous behind 
the flame front. 


The Pyrolysis of the Paraffins. (E. N. Hague and R. V. Wheeler, Fuel, Vol. 
VIII, No. 12, Dec., 1929, pp. 560-587.) (8.51/12368 Great Britain.) 

A study was made (1) of the changes in composition of the gases when 

maintained at different temperatures during measured intervals of time, (2) of 
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the effect of allowing the gas to flow through a heated tube in a circulation 
apparatus, and (3) of the products obtained when a stream of hydrocarbon, in 
larger quantities than in (1) and (2), passed through a heated tube. The most 
striking feature is the similarity in behaviour of all the hydrocarbons, methane 
included, at the higher temperatures. Below 750°C., when the primary de- 
compositions are taking place, each hydrocarbon follows its own course, but at 
the higher temperatures the (secondary) reactions are similar for all, 


Distillate Yields in Cracking. (S. A. Kiss, Ind. and Eng. Chem., Vol. XXII, 
No. 1, Jan., 1930, p. 10.) (8.51/12369 U.S.A.) 

Author's Abstract :—The law of the monomolecular reaction velocity has been 
applied to the calculation of distillate yields in cracking. Several formule have 
been developed, covering three types of cases—cracking with by-products, crack- 
ing without by-products, and cracking with by-products and secondary decom- 
position. 

Some formule have been established giving the cracking rate as function 
of the temperature. 


Studies on Production of Acetylene from Methane—Cracking under Vacuum. 
(K. Frolich, A. White and H. P. Dayton, Ind. and Eng. Chem., Vol. 
XXII, No. 1, p. 20.) (8.51/12370 U.S.A.) 

Author’s Abstract :—A study of the cracking of substantially pure methane 
has been made at temperatures above 1,000°C., and pressures ranging from 
atmospheric down to 25 mm, Acetylene is a main primary product but has a 
marked tendency to polymerize into benzene and similar compounds, or decom- 
pose further into carbon and hydrogen so that it becomes necessary to empioy 
exceedingly short times of contact. Within the range studied it has not been 
shown that pressure below atmospheric has any appreciable effect on the acetylene 
yield. 


Aviation Fuel from Natural Gas. (Messrs. Oberfell, Legalski and Parker, U.S. 
Air Service Mag., Vol. XXV, No. 2, February, 1930.) (8.51/12371 


Numerous data are given of the results of fractional distillation of fuel 
recovered from natural gases. Tables of the effect of higher paraffins are given. 
Certain advantages are claimed for this type of fuel. 


Gasoline Content of Natural Gas. (M. Shepherd, Bur. of Stds. Jnl., Vol. II, 
No. 6, June, 1929, pp. 1145-1199.) (8.51/12372 U.S.A.) 
hotographs of the apparatus 


A systematic standard method is laid down and 
and diagrams of the progressive fractionation are given. 


German Patent No. 482931, September 1oth, 1926. (8.51/12373 Germany.) 

Mixtures of mineral oils and aliphatic alcohols are rendered stable by treat- 
ment with nascent hydrogen. The emulsions are used in the textile industry 
and as fuels. 


Content of Gum and Gum-Forming Substances in Motor Fuel. (Autom. Tech. 
Zeit., Vol. XXXII, No. 34, 10/12/29, p. 794.) (8.51/12374 Germany.) 

In the usual copper dish method of testing for gums and fuels the catalytic 
effects of the dish and variation in the rate of evaporation are apt to lead to 
erratic results. It is proposed to use pyrex glass instead of the copper and to 
determine the dissolved gum content by heating 50 cc. samples in a slow current 
of steam between 160° and 180°C. for 10 hours. The potential gum content is 
determined by heating 25 cc. of the petrol in a half litre pyrex glass for 5 
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hours with oxygen under pressure. The dissolved gum only is responsible for 
producing deposits on the valve stems. Fuel with a gum content up to 4o 
milligrams per 100 cc. are generally stable for at least a year, and may be used. 


Ezperimental Plant for Production of Oil from Wood. (Ind. and Eng. Chem. 
(News Edition), Vol. VIII, No. 1, 10/1/30, p. 5.) (8.511/12375 U.S.A.) 

An experimental plant has been set up by the Swedish Academy of Scientific 
Engineering for the production of oil from wood waste on a_semi-industrial 
scale. The wood is hydrogenated under high pressure, under the Bergius 
system ; and the vield is stated to be better than that from brown or black coal. 


Primary Thermal Decomposition of Coal. (R. Holroyd and R. V. Wheeler, 
Fuel, Vol. IX, No. 2, February, 1930, p. 76.) (8.511/12376 Great 
Britain.) 

The third of a series of articles giving data of the thermal decompositions 
of various coals at low temperatures, particularly the yield of oils. ; 


Low Temperature Carbonisation of Fuel. (Jnl. 1.E.E., Vol. LXVIII, No. 308, 
pp. 205-236.) (8.511/12377 Great Britain.) 

A symposium of papers by :— 

(1) S. McEwen, U.S.A., giving figures from American practice showing the 
discouraging amount of about 3 gallons of light oil per ton. 

(2) Prof. P. Rosin, giving figures from German practice, particularly of 
brown coal carbonisation, showing 7 per cent. production of tar. The fractiona- 
tion of the tar in turn gives 3 per cent, petrol, 2 per cent. light oil, 65 per 
cent. fuel oil and 12 per cent. paraffin, so that the total yield of oil is between 
5 per cent. and 6 per cent. of the coal. 

(3) E. Hs Smythe and E. G. Weeks, giving figures from English practice, 
quoting yield per ton of coal as motor spirit 1 gallon, white spirit 1 gallon, and 
heavier products. 


Chemistry of Gum Formation by Cracked Gasoline. (Le R. G. Story, R. W. 
Provine and H. T. Bennett, Ind. Eng. Chem., 1929, 21, 1079-1084 (British 
Chemical Abstr., B, Vol. XLIX, No. 3, 17/1/30, p. 45).) (8.512/12378 
U.S.A.) 

Cracked petrols rapidly absorb oxygen, especially when exposed to light, 
yielding cloudy deposits of a gummy nature. The copper dish test for gum 
content is unreliable, since it depends on the quantity of oxygen present, the 
volatility of the fuel and the catalytic influence of the dish. Steam distillation 
gives a lower result, since it only deals with dissolved gum and gives no indi- 
cation as to potential gum formation. 


Manufacture of Non-Knocking Engine Fuels of the Benzine Type by Destructive 
Hydrogenation. (1. G. Farbenind, B.P. 296, 984, 22/8/28, Ger., 20/9/27 
(Brit. Chem. Abstr. B, Vol. XLIX, No. 3, 17/1/30, p. 48).) (8.514/12379 
Great Britain.) 

A mixture of American crude oil and coal tar in the proportion of 3—1 is 
hydrogenated at 200 atmospheres and 460°C. This produces a volatile fuel of 
high knock ratio. When crude oil alone is hydrogenated the compression ratio 
of the resultant fuel is considerably lower, and requires the addition of dopes. 


Anti-Knocks. (A. Scharschmidt and H. Hofmeier, 42nd Meeting of the German 
Chemical Socy., Z.V.D.I., Vol. LXXIII, No. 45, 9/11/29, p. 1620.) 
(8.514/12380 Germany.) 

The decomposition of dopes such as iron carbonyl or lead ethyl depends on 
the nature of the fuel used. Iron carbonyl is considerably more effective than 
lead tetracthyl in suppressing detonation. 
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Methanol. (Chem. and Met. Eng., January, 1930, Vol. XXXVII, 1, p. 60.) 
(8.516/12381 U.S.A.) 
U.S.A. consume approximately 10,000,000 gallons of methanol per year. 
During 1929 the output of synthetic methanol amounted to 44 million gallons. 
A production of 7,000,000 gallons is estimated for the year 1930. 


Development in Fuelling Stations for Airports. (Luftwacht, No. 11, Nov., 1920, 
p. 517-) (8.546/12382 Germany.) 

An account is given of the principles of rapid fuelling of aeroplanes at 
main and intermediate airports, with a photograph of the installation at Halle, 
which is much frequented by aeroplanes en route, and a diagram of the fuelling 
arrangements at B6éblingen, near Stuttgart. Figures are also given of the 
delivery in litres per minute of the installations at several airports. 


Some Recent Researches on Flame Movement in Gaseous Eaplosions. (R. P: 
Fraser, J. Soc. Chem. Ind. Trans. and Comm., 21/2/30, p. 99.) 
(8.57/12383 Great Britain.) 

From the study of eo mainly of flame arrest and of compression 
waves set up by burning gases, in tubes, it appears that detonation is imme- 
diately produced by the flame on ov ertaking a shock wave but never by a shock 
wave on overtaking the flame. Pressure waves probably play a predominant 
part in producing knock. The author considers photographic records of com- 
bustion as the only satisfactory basis of studying engine phenomena. 


Gaseous Explosions. Effect of Lead Tetraethyl on Rate of Rise of Pressure. 
(M. S. Carr and G. G. Brown, Ind. Eng. Chem., 1929, 21, 1071-1078, cf. 
A: 1928, 1331 (Chem. and Ind. Supplement, Vol. XLVIII, No. 52, 
27/12/29, p. 1037).) (8.57/12384 Great Britain.) 

From experiments with fuel mixtures of different strength and different rate 
of burning, it is suggested that the accelerating effect in fast burning mixtures 
is due to explosive decomposition of tetraethyl lead in the flame front. In 
slow burning mixtures the decomposition proceeds through the mixture at a 
greater rate than the inflammation, and retards the rate of the ultimate flame 
progression. 


A Theory of Flame Motion. (P. J. Daniell, Proc. Roy. Soc., Vol. CXXVI, No. 
A. 802, 3/2/30, p. 393-) (8.57/12385 Great Britain.) 

The velocity is defined as the rate of flow of gas in an indefinitely long 
tube required to maintain the flame surface at rest. The rate of the chemical 
reaction is the fundamental factor. The usual variables also enter into the 
equations, Attention is restricted to velocities slow in comparison with the 
velocity of sound in the gas, where the results fail. Differential equations of 
the motions are formed and solved, and some numerical results are given. 
There are no comparisons with experiments. 


Combustion of Hydrogen. (F. Harber, 42nd Meeting of the German Chem. 
Socy., Z.V.D.I., Vol. LXXIII, No. 45, 9/11/29, p. 1619.) (8.57/12380 
Germany.) 

The combustion of hydrogen is a chain reaction : (i) production of 2 hydroxyl 
molecules from the direct action of a hydrogen and oxygen molecule, generally 
requiring activating heat and only occurring at high enough temperatures ; (i!) 
combination of a hydroxyl molecule with a hydrogen molecule forming water 
and atomic hydrogen, without activating energy; (iii) recombination of atomic 
hydrogen and molecular oxygen to reform hydroxyl molecules, without activating 
energy. The chain proceeds till one hydroxyl molecule and one hydrogen mole- 
cule yield water by direct addition. 
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Auto-Iygnition Temperatures. (H. J. Masson and W. F. Hamilton, Ind. and 
Eng. Chem. 20, 813-816 (Eng. Abstr. No. 39, April, 1929, p. 99)-) 
(8:57/12387 U.S.A.) 

The auto-ignition temperatures of pure substances are affected heavily by 
contamination either of the substance or of the surface of the apparatus. Activa- 
tion of the platinum surface gradually increased the ignition temperature and 
finally hy nearly 100° in the course of six weeks of repeated measurements. 


Spontaneous Combustion of Mixtures of Air and Hydrocarbons—Influence of 

Concentration. (P. Mondain-Monval and B. Quanquin, Comp. Rend.,, 

Vol. CLXXXIX, No. 26, 23/12/29, pp. 1194-1196.) (8.57/12388 France.) 

From the study of flame records as well as indicator diagrams it is con- 

cluded that an exothermic flameless reaction precedes under suitable conditions 
the normal inflammation of the mixture. 


Effects of Air Flow on the Penetration and Distribution of Oil Sprays. (A. M. 
Rothrock and E. G. Beardsley, N.A.C.A. Tech. Note No. 329, Dec., 1929.) 
(8.57/12389 U.S.A.) 

Author’s Summary :—The fuel oil was injected at 6,000 lbs. per sq. in. pres- 
sure. Four nozzles were tested, one containing seven orifices and three con- 
taining single orifices with diameters of 0.006, 0.012 and 0.022in. respectively. 

Curves and photographs are presented showing the airflow throughout the 
chamber and the effects of the airflow on the fuel spray characteristics. It was 
found that the moving air had little effect on the spray penetration except with 
the o.o006in. orifice, but did affect the oil particles on the outside of the spray 
cone. After spray cut-off the airflow rapidly distributed the atomized fuel through- 
out the spray chamber. 

A list of 9 references and numerous diagrams and photographs of flow 
are given, and curves of velocity, penetration, etc. 


Diffusion Flames. (S. P. Burke and T. E. W. Schumann, Ind. and Eng, Chem. 
20, 998-1004 (Eng, Abstr. No. 39, April, 1929, p. 100).) (8.57/12390 
U.S.A.) 

An equation is evolved for determining the shape of diffusion flames which 
arise when combustion coincides with a mixture of gas and air. The results 
are confirmed by experiment, which also indicate that preheating of the gas or 
air has no effect on the size of the flame. 


Diesel Engines. (V.D.1., Vol. LXXIV, No. 2, 11/1/30 


2, 57-) (8.59/12391 
Germany.) 


The firm of Burmeister and Wain have built a double acting 2-stroke: 
engine possessing a novel type of exhaust valve. The scavenging air is intro- 
duced in the middle of the cylinder, the exhaust valves at either end are pistons 
which uncover radial slots. The valve pistons are linked up to the crankshaft 
in such a manner that they share in the work of expansion, and contribute ap- 
proximately 10 per cent. to the total work of the crankshaft. 

Diesel Engine Scavenging. (A. Schor, Werft, 10, 131-134 (Eng. Abstr. No. 4o, 
July, 1929, p. 105).) (8.59/12392 Germany.) 


Crankcase scavenging is not sufficiently powerful for engines in excess of 
400 b.h.p. For higher powers the author favours the direct driven piston pump 
unless electric power is available, in which case a considerable saving in floor 
space is gained by using an electrically driven turbo-blower. 
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The —— Heavy Oil Engine. (L’Aérophile, Vol. XXXVII, No. 23-24, 
12/29, p- 371.) (8.59/12393 France.) 

The engine has double ‘opposed pistons and six cylinders in line, bore 120, 
combined double stroke 210 mms., crankshaft speed 1,600 r.p.m., maximum 
power 700 b.h.p., fuel consumption .39 lbs. per b.h.p./h., compression ratio 
14, airscrew speed 11,000 r.p.m. The reduction gear is incorporated in the 
spur-wheel transmission between the two crankshafts. 


Experimental and Analytical Determination of the Motion of Hydraulically 
Operated Valve Stems in Oil Engine Injection Systems. (A. G. Gellalles 
and A. M. Rothrock, N.A.C.A. Report No. 330, January, 1930.) 
(8.59/12394 U.S.A.) 

The computed motion of the valve is expressed by a simple linear differential 
equation connecting the hydraulic pressure with the valve motion. A correction 
is made for viscous resistance along fine bore tubes on the assumption of laminar 
motion. A description is given of photographic apparatus for recording the 
actual motion of the valve stem. The results are compared in a number of 
diagrams and show appreciable lag behind the computed values both in opening 
and closing. The lag increases with the length of the fine bore tube, and the 
maximum valve lift is reduced. Roughly the former is of the order of 1/1,000th 
of a second of time, or 20 per cent. of the time of opening; and the latter of 
the order of 1/200th of an inch or about 20 per cent. of the total lift. 


The Packard Heavy Oil Engine. (L’Aérophile, No. 23-24, 1/12/29, p. 370.) 
(8.59/123y5 France.) 
g-cvlinder radial, 4-stroke cvcle, with a single valve used alternately for 
exhaust and inlet, bore 127 mm., stroke 140 mm., explosion pressure about 
1,000 Ibs. per sq. in., normal rating 160 h.p. at 1,600 r.p.m. Weight/h.p. 6 


Ibs., fuel consumption .35 lbs. per b.h.p./h. 


The Clerget Heavy Oil Engine. (L’Aéropnile, Vol. XXXVII, No. 23-24, 
1/12/29.) (8.59/12396 France.) 

Air-cooled, radial, 4-stroke, cylinder governed by lifting the exhaust valve 
and with an injection pump for each cylinder, bore 120 mm., stroke 180 mm. 
rated at 100 h.p. for 450 lbs. weight. Satisfactory flight tests are said to 
have been carried out. 


Combustion Chamber Research. (H. S. Glyde, Autom. Eng., Vol. XX, No. 264, 
February, 1930, p. 62.) (8.6/12397 Great Britain.) 

Experiments were carried out in a series of 5-valve turbulent heads of the 
Ricardo type, the head clearance varying from .o2 to .27 of an inch. Indicator 
diagrams were taken and attempts were made to connect the rate of pressure 
rise with the H.U.R.C. and general running conditions of the engine. It was 
found that the critical part of the diagram from the point of view of roughness 
of running was that joining the compre ssion with the explosion pressure line. 
By suitably dimensioning the combustion head higher rate of pressure rise can 
be combined with high H.U.C.R. and smooth running. This is obtained by 
igniting a stagnant isolated layer of gas making up 1to—25 per cent. of the 
clearance volume. On these principles the recently patented Ricardo short 
absorber head is based. 


The Effect of Supercharger Capacity on Engine and Airplane Performance. 
(O. W. Schey and W. D. Gove, N.A.C.A. Report No. 327, December, 
1929.) {8.62/12398 U.S.A.) 

A Roots’ blower with theoretical swept volume of .382 cu. ft. was used in 
conjunction with a Liberty engine developing 350 h.p. near the ground. Ground 
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level pressure was restored at 7,000, 11,500, 17,000 and 22,000 feet respectively, 
the ratio between engine and supercharger varying from 1.6 to 3. For reliability 
excessive clearance of the impellors was necessary with considerable drop below 
the efficiency obtained in the laboratory. A maximum efficiency of approximately 
50 per cent. was obtained at the lowest altitude. At 20,000 feet the efficiency 
was 35 per cent. This indicates an upper limit for the capacity of superchargers 
of this type. 


Intermediate Superheating by Means of Hydrogen Combustion. (Wilke, 
Glaser’s Ann. 104, 74 (Eng. Abstr. No. 40, July, 1929, p. 98).) (8.83/12399 
Germany.) 

Water is electrolysed under high pressure into hydrogen and oxygen and 
the resultant gases are caused to recombine in the steam passage between the 
high and low pressure steam turbine, as steam at high temperature which super- 
heats the surrounding steam by intermingling. A combined efficiency of 52 per 
cent. is estimated. 

The Lorraine Reduction Gear. (Dipl. Ing. Schneider, Ill. Flug., Vol. XJ, 
11/11/29, pp. 227-228.) (8.84/12400 Germany.) 

The main feature of this planetary reduction gear is copious lubrication by 
an oil bath, which effects considerable cooling of the gear wheels. Details of 
gear and mounting are shown. 


Critical Vibrations of Coupled Systems. (E. Schwerin, Z. Tech. Phys. 10, 37-46 
(Eng. Abstr. No. 40, July, 1929, p. 122).) (8.221/12401 Germany.) 

In coupled systems the elasticity and the coupling may vary with time. As 
an example the two-bar drive of an electric locomotive is considered and it is 
shown that the critical periods are nearly those of a system with constant 
coefficients, equal to the mean value of the variable coefficients actually existing. 


Star Wheel Drives. (A. Bock, Z.V.D.1., 73, 397-401 (Eng. Abstr. No. 40, 
July, 1929, p. 118).) (8.89/12402 Germany.) 

The star-wheel drive, a modification of the well-known Maltese cross, has 
periods of rest and movement which can be varied within wide limits. Methods 
of design are given for ensuring structural strength and determining the ratio 
of working stroke to rest. 


Armament 
Calculation of Bomb Trajectories. (G. Bruno, Not. Tec., Vol. VIII, No. 11, 
Nov., 1929, pp. 1-23.) (9.31/12403 Italy.) 
For speeds below 240-260 metres/sec. formule are developed and tabulated 
and specimen trajectories are worked out. 


Artificial Cloud (Rev. F. Aer., No. 6, Jan., 193¢, pp. 97-98.) (09.35/12404 
France. ) 

The chemical firm of Stolzenberg has produced a mobile unit, suitable for 

emitting 500,000 cubic metres of phosphorus smoke per minute, under steam 

pressure, used at about one mile from the object to be screened, the orientation 


depending on the direction of the wind. They have also produced a compressed 
air smoke-emitter for aircraft in which chloro-sulphonic acid, titanium-tetra- 
chloride, or silicon-tetrachloride may be the active agent. The French reviewer 


discussed the possible application of the smoke-emitter as an offensive weapon, 
the aeroplane offering a more effective vehicle than gas and smoke shells fired 
by artillery. 
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Armour Plate. (R. E. Paine, Army Ordnance, Vol. X, No. 58, Jan.-Feb., 1930, 
p. 239.) (9.43/12405 U.S.A.) 

Discussion is chiefly of protection against armour-piercing builets and small 
calibre projectiles. Tables of composition, treatment, Brinell hardness and 
ballistic tests are given. Micro-photographs of steel plates after firing are 
reproduced. 


Materials, Etc. 
New Iron Alloy for Electric Resistances. (Ind. and Eng. Chem., News Edition, 
Voi. VIII, No. 1, 10/1/30, p. 5.) (10.11/12406 U.S.A.) 
A new resistance alloy patented in Sweden of the composition aluminium 
I-5 per cent., chromium 10-22 per cent., cobalt and titanium 1-3 per cent., the 
rest iron, has resistance of the order of 100 microhms per cc. In tests for 
stability under heat six hours at 1,200°C. produced a loss of weight of .o7 per 


cent. 


The Iron Nitrogen System. (Messrs. Epstein, Cross, Groesbeck and Wymore, 
Bur. St. Jrnl., Vol. III, No. 6, pp. 1005-1027.) (10.11/12407 U.S.A.) 

Nascent nitrogen from ammonia passed over hot iron produced three 
nitrided layers containing Fe,N, Fe,N and Fe,N respectively. 

On re-heating nitrogen is liberated from 300°C. upwards. A new moiecular 
interpretation of X-ray analysis is given, and a new diagram of FeN systems is 
offered tentatively. 

Nitriding steels were examined and the texture of the nitride layer 
described. Fifty micro-photographs are reproduced. 


Sprayed Molten Cadmium Coatings. (L. Pessel, Ind. and Eng. Chem., Vol. 
XXII, No. 2, p. 119.) (10.15/12408 U.S.A.) 

Comparative tests were carried out with steel plates sprayed respectively 
with molten zinc and molten cadmium. The tests were decisively in favour of 
cadmium protection which reduced the corrosion to 1/15 or less of the amount 
observed for zinc protection. 


A Soldering Process for Steel Cylinder Covers for Diesel Engines. (Dr. Ing. Fr. 
Sass, V.D.I., Vol. LXXIII, No. 51, 21/12/29, pp. 1811-1814.) (10-18/ 
12409 Germany.) 

Cylinder covers of Diesel engines have been successfully welded in an atmos- 
phere of hydrogen using a special solder, allowing the use of forged units with 
considerable reduction in weight and improvement in heat transmission. The 
process might be equally successful in aero-engine cylinders, 


Ultralumin, a New Light Alloy. (F< Vok--VI,.. 3; 
12/12/29, pp. 18-32.) (12410 Germany.) 

Ultralumin is a copper aluminium alloy containing small quantities of 
manganese and nickel as well as traces of thorium and cerium. When heat 
treated the alloy has properties wery similar to those of duralumin; the ageing, 
however, can be carried out much faster. In this state the material withstands 
shock well. The methods of tests are described fully. A bibliography is given. 


Experiments on the Influence of Temperature on the Notch Resistance and 
Hardness of Aluminium Alloys. (W. Schwinning and Fischer, 
Z.F.M., Vol. XXII, No. 1, Jan., 1930, pp. 1-7.) (10.2101/12411 
Germany.) 


The notch resistance of aluminium alloys increases as the temperature is 
lowered over the full range examined, +200 to —200°C., especially that of pure 
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aluminium. Steels generally show a marked drop in notch resistance below 

o°C. 

The Causes of Ignition of Aluminium Powder in Manufacture. (F. Ritter, 
Z.V.D.1., Vol. LXXIV, No. 5, 1/2/30, pp. 145-148.) (10.2101/12412 
Germany.) 

Explosion of aluminium dust is due in every case to rapid oxidation. <A 
certain minimum teaiperature is required and a certain minimum diameter of 
dust particle. The ratio of surface to weight increases rapidly as the diameter 
decreases. It appears that particles of the order of .6 u are definitely explosive. 
It is recommended that the dust should be treated with a fatty compound and 
the temperature kept below s5c°C. 


Beryllium; Thermal and Electrical Properties. (E. J. Lewis, Phys. Rev., Vol. 
XXXIV, No. 12, 15/12/29, p. 1575-) (10.2104/12413 U.S.A.) 


Author’s Summary :—Specific Heat.—The specific heat of beryllium was 
obtained from cooling data by equating the heat loss per cm. length per unit 
time from beryllium to that from zinc. The values obtained increase rapidly 
with a rise in temperature from 0.0389 at —175.6°C. to 0.593 at 190°C. 


Thermal Conductivity.—The modified Forbes method of Bidwell was used 
to determine the thermal conductivity of this metal. Values of k were calculated 
with three different sets of distances from the first junction as origin for each 
run at a given surrounding temperature. k was found to increase with a rise 
in temperature from 0.232 at —176.2°C. to 0.508 at 190.4°C. 

Specific Resistance.—The specific resistance varies according to the heat 
treatment given the sample. Values recorded in this article are those obtained 
after a steady condition had been established after repeated treatments from 
liquid air temperature to 7oo°C. Measurements made on two samples check 
each other closely. They are: 1.56 microhms at —191°C.; 6.76 microhms at 
22°C. ; 19.05 microhms at 305°C.; and 40.00 microhms at 690°C. 

Temperature Coefficient of Resistance.—The temperature coefficient of 
resistance, a is not constant over the above range. It increases with a rise of 
temperature, but not linearly. The graph of this quantity plotted against tem- 
perature shows three distinct sections, a has the following values: 0.000371 at 
— 190°C. ; 0.00667 at 20°C. ; 0.00800 at 310°C. ; 0.00858 at 500°C. ; and c.o1196 
at 685°C. 

Thermo-Electric Power.—The thermo-electric power of beryllium against lead 
seems to vary linearly with temperature. However, at — 50°C. the graph of the 
thermo-electric power plotted against temperature shows a break. This, con- 
sidered in connection with the results obtained for the temperature coefficient of 
resistance, suggests the probability of a change in allotropic form. 

Wiedemann-Frantz-Lorentz Law.—The Wiedemann-Frantz-Lorentz law, 
that k/aT is a constant, is not obeved by this metal. 


Beryllium. (42nd Meeting of the German Chem. Socy., Z.V.D.I., Vol. LXXIII, 
No. 45, 9/11/29, p. 1619.) (10.2104/12414 Germany.) 

Bervilium is 17 times more transparent to short waves than aluminium and 
is being applied to the construction of X-ray tubes. Copper beryllium alloy 
containing 2 to 3 per cent. of beryllium is characterised by good electrical con- 
ductivity, high chemica! resistance and extreme hardness. It is estimated that 
beryllium will soon be producible at a cost of 1s. a gramme. 


Beryllium as a Possible Structural Metal. (C. B. Sawyer, S.A.E., Vol. XXVI, 
No. 1, January, 1930, p. 98.) (10.2104/12415 U.S.A.) 

Several sources are now offering beryl in carloads at prices from $50 to 

$60 per ton. Other sources will certainly appear. A steady contract with a: 
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reliable firm for considerable quantities would doubtless produce beryl at $20 
to $30 per ton. The ore cost per pound of the metal would then lie between 


37 and 56 cents. 


Deep Impregnation of Timber by the Kyan Process. (W. Kinberg, Tek. Tids. 
(Kemi), 58, 94 (Eng. Abstr. No. 39, April, 1929, p. 46).) (10.32/12416 
Sweden.) 

Timber is normally impregnated with dilute mercury chloride solution for 
preservation against fungi. In the new process of ‘‘ kyanising,’’ steam treatment 
before immersion increases the depth of impregnation from 5 mms. to 30 or 
4o mms. 


Appearances of Buckling or Bulging in Flat Plates under Shearing Stress. (F. 
Bollenrath, L.F.F., Vol. VI, No. 1, 12/12/29, pp. 1-17.) (10.61/12417 
Germany.) 

Since celluloid can be caused to undergo considerable elastic deformation 
before buckling the phenomenon was first studied with this material. The results 
were confirmed, using plates of duralumin and brass. Buckling is preceded by 
the formation of regular folds in the material. Considering these folds as waves 
there exists a definite relationship between the width of the plate and the wave- 
length. The ratio of these two quantities is independent of the thickness of the 
plate and the material. An extensive bibliography is given. 


Fatigue Tests on Materials. (P. Ludwik, Z.V.D.1., Vol. LXXIII, No. 51, 
21/12/29, pp. 1801-1810.) (10.621/12418 Germany.) 

A survey of the subject with numerous references and extensive graphs and 
tables of results. Carbon and alloy steels and non-ferrous alloys are included. 
The shape, hardness, and finish of notches are considered in relation to their 
effects. The creeping limit, fatigue limit and temperature effects are discussed. 
Hysteresis is taken in relation to the elastic stresses in the crystal framework. 


Fatigue Strength of Steam Turbine Blades. (H. F. Moore, S. W. Lyon and 
Ns J Alleman, Univ. Ill, Eng. Expt. Stn, Bulletin, No. 183, 32 pp. (Eng. 
Abstr. No. 39, April, 1929, p. 38).) (10.621/12419 U.S.A.) 

Samples were cut out of blades of copper nickel or iron nickel alloy and 
tested in a revolving machine for bending fatigue. The highest endurance limit 
(18.8 tons per sq. in.) was obtained with ‘‘ cyclops metal,’’ nickel 19 per cent., 
chromium 7.5 per cent., iron, manganese and silicon 73.5 per cent. 


Young’s Modulus Determined with Small Stresses. (D. K. Froman, Phys. Rev., 
Vol. XAAV, No. 3, 1/2/30, p. 264.) (21.24/12420 U.S.A.) 

Author’s Abstract :—An interferometer method similar to that used by E. 
Gruneisen was used to determine the extensions of metallic rods of brass, steel, 
copper, aluminium and nickel under small stresses. The largest stresses applied 
were considerably less than those usual in commercial testing. For substances 
examined, Young’s Modulus was found to increase very rapidly as the Stress 
increased from zero, reach a maximum at a comparatively small stress, and 
then to decrease almost exponentially to the ordinary value. The annealing of 
the rod mav be connected with this divergence from Hooke’s law with small 
stresses, as slight differences were found on re-annealing some of the rods used. 
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Airships 
H.M. Airship 100. (KE. N. Wallis, Airc. Eng., Vol. I], No. 11, Jan., 1930, p. 7.) 
(12.11/12421 Great Britain.) 

An unpublished lecture at the Royal Acronautical Society. The article, 
illustrated by five photographs and a diagram, discusses in general terms the 
shape, volume, position of cars, girder construction, and constructural details. 

A further editorial article follows (p. 10) giving the principal particulars of 
the R.100 with two photographs of an engine car partly assembled and completed, 


Full-Scale Turning Characteristics of the ULS.S. Los Angeles. (if. L. Thompson, 
N.A.C.A. Report No. 333, January, 1930.) (12.12/12422 U.S.A.) 

A description is given of the method employed and results obtained in full- 
scale turning trials on the rigid airship U.S.S. Los Angeles, carried out in 
conjunction with pressure distribution and stress investigations by representa- 
tives of the National Advisory Committee for Aeronautics and the stress investiga- 
tion by the Bureau of Aeronautics. The method of determining turning charac- 
teristics by recording instruments aboard the airship appears to be satisiactory, 
with the exception that a better method of determining the small angular 
velocities of airships should be devised. 


Flight Tests on U.S.S. Los Angeles—Stresses and Strength Determination. 
(C. P. Burgess, N.A.C.A. Report No, 325.) (12.2/12423 U.S.A.) 

In continuation of Report No. 324 (see Abstract No. 11740, issue No. 12) on 
pressure distribution, an investigation is made of the resulting stresses. Normal 
flight in disturbed weather produced stresses twice as great as extreme 
manoeuvres in still air, It is explicitly stated that no light was thrown on the 


forces in a storm such as destroyed the Shenandoah. The design assumptions 
of the German builders, the Zeppelin Company, were closely confirmed. 
Wireless 


Naval Wireless Telegraph Communications. (G. Shearing and J. W. S. Dorling, 
J..E.E., Vol. LXVIIT, No. 398, pp. 237-204.) (13.0/12424 Great 
Britain. ) 


Author’s Summary :—The Paper gives a short account of the devclopment 
of wireless telegraph apparatus for naval purposes. The historical development 


is referred to, the wireless telegraph lines required for naval ships are outlined 
and the essential requirements and chief features of some of the apparatus used 
under sea-going conditions are briefly described. The organisation for giving 
effect to the policy of H.M. Board of Admiralty is also indicated. 


Piezo Oscillators. (FE. L. Hall, Bur. St. Jrnl. of Res., Vol. IV, No. 1, p. 115.) 
(13.21/12425 U.S.A.) 

A description is given of the laboratory apparatus and methods of testing 
Piezo oscillators as frequency standards. Photographs and diagrams of the 
apparatus used are given and two test results are reproduced. Piezo oscillators 
are considered the most suitable frequency standards available for radio stations. 


Radio Landing Beam Development. (Aviation, Vol. XXVII, No. 26 
(19.4/12426 U.S.A.) 

It is stated in a note that a beam transmitter flush with the ground in the 
centre of the landing area emits a beam 20 {t. wide which runs nearly parallel 
with the surface of the earth for two miles, then curves upwards. The cost of 
the equipment is estimated at £200. No technical data are given. 
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Notes on the Effect of Solar Disturbances on Trans-Atlantic Radio Transmission. 
(C. N. Anderson, Bell Tel. Lab., No. B. 427, October, 1929.) (13.5/12427 
U.S.A.) 


In 1923, when the relation between abnormal long wave radio transmission 
and solar disturbances was first noted, the outstanding abnormality was the 
great decrease in night time signal field strength accompanying storms in the 
earth’s magnetic field. The present notes show the effects of individual storms 


on 6c ke. trans-Atlantic radio transmission and also give some indication as to 
their effect on short wave radio transmission. 


Short Period Radio Fading. (VT. Parkinson, Bur. St. Jrnl., Vol. II, No. 6, 
June, 1929, pp. 1057-1075.) (13.5/12428 U.S.A.) 

Seventeen graphical records are reproduced. Particular attention was given 
to changes of intensity lasting for minutes or seconds only. Variation of 
indirect ray, interference of ground and indirect rays, direction changes, refrac- 
tion by a rising ionised layer, the unexplained rotation of the plane of polarisa- 
tion are the principal factors discussed. A further programme of research is 


proposed, 


A Synchronous Time Scale for the Braun Tube—Cathode Ray Oscillograph. 
(E. Hudec, Z.H. Freq. Tech., Vol. XXXIV, No. 6, Dec., 1929, p. 207.) 
(13.5/12429 Germany.) 

To obtain from the beam of the cathode ray oscillograph several super- 
imposed curves on the photographic plate, it is necessary te superimpose an 
additional current or voltage which varies synchronously with the previous 
current or voltage. To obtain synchronisation a condenser charged by means of 
a constant current and discharged through a series of valves, constitutes a voltage 
governor, 


Uni-Directional Radio Beacons for Aircraft. (FE. Z. Stowell, Bur. St. J. Res., 
I, rorr-1to22 (Eng. Abstr. No. 4o, July, 1929, p. 213.) (13-71/12430 
U.S.A) 

The directional system of wireless designed by the U.S. Bvreau of Stan- 

dards has two radiating loops inclined at an angle, producing a radiation dia- 

gram equivalent to two “ figures of ecight,’? has now been developed to give a 

uni-directional field. The paper describes the most sensitive arrangement of 

the circuit for aircraft use. 


Comparison between Selenium and Photo-Electric Cells. (KF. Schroter and W. 
Ilberg, Phys. Zeit., No. 22, 15/11/29, p. 801.) (13.8/12431 Germany.) 
The internal resistance of selenium cells is a function of illumination and not 
of applied voltage, but that of the photo-electric cell is a function of both. Where 
the light varies with moderate frequency the sensitivity of either type is obtain- 
able with equal accuracy by suitable arrangement of the electrical circuit. At 
high frequencies the photo-electric cell has the advantage, 


A New Type of Photo-Electric Cell. (B. Lange, Phys. Zeit., Vol. XXXI, No. 3, 


1/2/30, pp. 139-140.) (13.8/12432 Germany.) 


Known photo-electric cells are inefficient on account of the large work of 
emission of the expelled electron, In the new cell the photo-electrons are emitted 
directly into a uni-polar semi-conductor placed in immediate contact with a 
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second metallic electrode which completes the circuit. A cell constructed on these 
principles, using copper electrodes and a thin layer of cuprous oxide to act as 
semi-conductor, had an efficiency roughly ten times that of the normal gas type. 
The author suggests that by the use of suitable materials this method might 
render possible an efficient direct conversion of light into electrical energy. 


Photography 


Aerial Photography. (Army Ordnance, Vol. X, No. 58, Jan.-Feb., 1930, p. 277.) 
(14.0/12433 U.S.A.) 
Estimates of cost are given of a survey of 2,200 sq. miles carried out for 
the U.S.A. Geodetic Survey by an Army Air Corps expedition. 


Photographic Photometry. (G. R. Harrison, Jnl. Opt. Socy. Am., Vol. XIX, 
No. 5, November, 1929, pp. 267-316.) (14.7/12434 U.S.A.) 

A comprehensive discussion of principles, with a list of methods and appara- 
tus used. The photographic technique is considered, the selection and ealibra- 
tion of standards of distribution of homo-chromatic and hetero-chromatic work 
is laid down. A list of 88 references is given. 


Miscellaneous 


U.S. Naval Ordnance. (Rear-Admiral W. D. Leahy, Extracts from Annual 
Report for 1929, Army Ordnance, Vol. X, No. 58, Jan.-Feb., 1930, p. 258.) 
(15.21/12436 U.S.A.) 

Details of issues of A.A.C. guns both to ships and land defences are 
included, 


Preventing and Extinguishing Aircraft Fires. (Lt.-Cmdr. C. G. McCord, 

Aviation, Vol. XXVII, No. 26, 28/12/29, p. 1265.) (16.12/12437 U.S.A.) 

Author’s Summary :—-Several important conclusions are given from. tests 

at the Naval Aircraft Factory, under the supervision of the author, together with 
a discussion of present development and suggested improvements in practice. 


The Danger of Lightning to Airships. (Capt. Breithaupt, Ill. Flug., Vol. X1J, 
No. 11, 11/11/29, p. 12.) (16.22/12438 Germany.) 

The following precautions are recommended when flying through a thunder- 
storm :— 

1. The gas cells should be sufficiently deflated so that no hydrogen is blown 
off, even under rapid variation of altitude in squalls. 

2. No water or other bailast should be ejected, except in closed containers. 

3. Wireless antenna should be pulled in. 

4. With sufficient warning by the meteorological service, it may be possible 
to avoid a thunderstorm altogether. 


Rotors. (Flug., Vol. XII, No. 2, 22/1/30, Patent Notices, p. €2.)  (17.4/12439 
Germany.) 

German patent No. 486206 has been taken out by Dr. Betz, of Géttingen, 
as the result of wind tunnel experiments on the effect of interference between 
the surface of the rotor and the surrounding air stream. It is claimed that 
considerable increase in propulsion efficiency is obtained by the arrangement of 
suitable vent holes. 
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Air Route Organisation in U.S.A. (Airc. Eng., Vol. II, No. 11, Jan., 1930, 
p. 16.) (20.4/12440 Great Britain.) 

An extract is given from an official report covering the area required to lay 
out the landing strip with regard to prevailing winds, lighting, signalling, ete. 
The equipment of intermediate landing grounds is dealt with and a few cost 
figures are given. 


Marking the Modern Air Route. (A. K. T. Smith, Airc. Eng., Vol. II, No. 11, 
Jan., 1930, pages 11-15.) (20.5/12441 Great Britain.) 

The author deals with the practice in this country with respect to boundary 
markings, obstruction lights, wind indicators, aerodrome flood lighting and 
beacons, etc. 

The effect of wave length on visible range is discussed, in particular the 
possible advantages of neon lighting in a fog. It is concluded that the advan- 
tages of the latter are restricted to very special conditions. 


Tank Organisation. (S. E. Brett, Army Ordnance, Vol. X, No. 58, Jan.-Feb., 
1920, p. 236.) (0.0/12442 U.S.A.) 
The design, maintenance, technical crew and technical employment of tanks 
is discussed. 
Absence of A.A.C. protection is commented on. 
On page 275 the Society of Automotive Engineers discusses the problem of 
tank design. 


Standards Committee, U.S.A. (S. A.E., Vol. XXVI, No. 1, Jan., 1930.J 
(0.0/12443 U.S.A.) 
Reports from the following twelve divisions of the Standards Committee are 
printed in this number :— 
Agricultural power equipment. 
Aircraft engine division. 
Ball and roller bearings division. 
Electrical equipment division. 
Iron and steel division. 
Lighting division. 
7) Motor boat division. 
(8) Non-ferrous metals division. 
(9) Passenger car division. 
(10) Production division. 
(11) Screw thread division. 
) Tyre and rim division. 


Aviation Progress under the Soviet. (V. M. Petliakov, Aviation, Vol. XXVIII, 
No. 3, 18/1/30, p. 109.) (0.0/12444 U.S.A.) 
A descriptive account of the activities, technical and flying, of the Soviet 
Government, with illustrations and some details of the laboratory equipment and 
of several aeroplanes. 


Work of D.V.L. for 1928/29. (H. Fassbender, Z.V.D.I., Vol. UXXIII, No. st, 
December, 1929, pp. 1823-5.) (o.0/12445 Germany.) , 


A statistical statement is given of the work done on aerodynamics, structures, 
engines, materials, navigation, wireless telegraphy, full-scale experiments, and 
inspection, with references to papers published. 
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Efficiency of Sand Blast. {K. Zentner, Sci. Acad. Proc. (Sitz. Ber.), Vienna, 
Vol. CXXXVITI, Part 8, 1929, pp. 663-700.) (0.0/12446 Austria.) 

The problem proposed is the determination of the ratio of kinetic energy 
imparted to sand and air in unit time. The losses by the air resistance of the 
walls, and of the particles as they are accelerated from rest, are evaluated by 
semi-empirical equations involving experimental coefficients. The efficiencies 
found are small—¥4 per cent. and less—from which it is clear that mechanical 
convenience is the consideration, not mechanical efficiency. 


CorrigkNpumM.—Issue No. 12, Abstract No. 11662, from Aircraft Eng 


Britain. Country of origin: For U.S.A. read Gt. Britain. 
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